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PREFACE. 

THE  matter  contained  in  the  following  pages  has  been 
collated  by  the  writer  with  the  object  of  affording  the 
rank  and  file  of  Telephone  employees  particularly, 
and  others  not  directly  connected  with  the  industry 
who  may  be  interested  in  the  subject,  a  means  of 
obtaining  in  a  cheap  and  handy  form  a  general  know- 
ledge of  the  methods  employed  in  various  countries 
of  constructing  both  underground  and  aerial  Telephone 
line  circuits. 

The  writer  believes  this  to  be  the  first  book  that 
has  ever  been  written  dealing  exclusively  and  fairly 
exhaustively  with  this  subject,  and  he  ventures  to 
hope  that  it  may  fill  a  vacant  place  amdngst  the 
Telephone  literature  of  the  present  day. 

While  not  of  course  claiming  that  he  has  dealt  with 
every  phase  of  the  work  of  Telephone  line  construc- 
tion, or  described  all  the  apparatus  or  material  in 
general  use,  he  nevertheless  thinks  that  the  subjects 
he  has  selected  for  explanation  and  description  are 
typical  and  fairly  comprehensive  of  all  that  is  most 
up  to  date,  and  which  twenty  years'  practical  expe- 
rience as  a  Telephone  Manager  and  Engineer  leads 
him  to  believe  will  be  of  the  greatest  interest  and 
service  to"  his  readers. 
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The  text  has  been  well  illustrated,  and  every  effort 
has  been  made  to  convey  information  in  the  simplest 
possible  language,  in  order  that  the  matters  dealt 
with  may  be  easily  understood  not  only  by  all  classes 
of  Telephone  workers,  but  also  by  members  and 
officials  of  corporate  bodies  and  others  who  are  in- 
terested in  the  question  of  municipal  Telephony,  to 
whom  the  subject  is  quite  new,  who  have  hitherto 
had  no  means  of  obtaining  such  information  as  this 
book  contains,  except  to  a  very  limited  extent,  by  re- 
ference to  a  number  of  more  or  less  expensive  works. 

To  the  following  persons  and  firms  the  writer 
desires  to  acknowledge  his  great  indebtedness  for 
the  loan  of  blocks,  and  permission  to  reproduce  copy- 
right sketches  and  photographs  :  Mr.  A.  R.  Bennett, 
author  of  The  Telephone  Systems  of  the  Continent ;  Mr. 
Kempster  D.  Miller  and  the  American  Electrician 
Company  of  New  York,  author  and  publishers  re- 
spectively of  American  Telephone  Practice-,  Messrs 
The  General  Electric  Company  ;  International  Elec- 
tric Company ;  India-rubber,  Gutta-percha,  and  Tele- 
graphs "Works  Company  ;  Johnson  &  Phillips  ;  Nalder 
Brothers  ;  Elliott  Brothers  ;  S.  B.  Bolas  &  Company  ; 
The  Telegraph  Manufacturing  Company;  and  Bailey 
&  Company. 

To  Mr.  John  Stewart  his  thanks  are  particularly 
due  for  the  assistance  he  has  rendered  him  in  pre- 
paring many  of  the  sketches  and  diagrams  with 
which  this  little  work  is  so  fully  provided. 
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OVERHEAD   CONSTRUCTION. 
CHAPTER  I. 

PRELIMINARIES. 

AN  important  preliminary  to  the  erection  of  an  over- 
head telephone  line  is  that  of  obtaining  the  necessary 
wayleaves,  and  the  actual  work  of  running  wire  and 
erecting  poles,  standards,  or  other  fixtures  for  support- 
ing  the  same,  should  never  be  commenced  until  all 
the  required  permissions  have  been  duly  obtained, 
otherwise  stoppage  of  work  will  not  infrequently  re- 
sult, and  alterations  and  deviations  have  to  be  made 
which  may  involve  heavy  additional  outlay. 

In  the  case  of  lines  intended  to  be  carried  on  ground 
poles,  the  positions  in  which  the  poles  are  to  be  erected 
should  all  be  marked  out  by  means  of  stout  wooden 
pegs  driven  into  the  ground,  and  a  note  made  of  all 
such  positions,  and  of  the  description  of  pole  required 
in  each  case,  and  the  number  of  stays  or  strutts  that 
it  is  considered  it  will  be  necessary  to  provide.  This 
and  any  other  special  information  should  be  carefully 
tabulated  in  a  survey  book  after  the  following  man- 
ner : — 


TELEPHONE  LINES. 
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THE  PRIVATE  WIRE  TELEPHONE  COMPANY. 


Survey  of  line 

for  Messrs.  WILLIAMS  &  Co. 
Date 


From  Offices,  High  Street, 

Lisburn, 
To  Bleach  Works,  Lambeg. 


Pole 
No. 

Distance 
in  yards. 

Length 
of  Pole. 

Length 
of  Strutt. 

No.  of  Stays 
required. 

Remarks. 

1 

65  yds. 

45ft. 





Corner  of  George 

Street  and  Mi  11 

Street 

2 

70 

40    „ 

3 

65 

40  „ 

1 

Sharp  angle 

4 

65 

36   „ 

5 

60 

36   „ 

30ft. 

— 

Bend  of  road  by 

Jones    &  Co.'s 

flour  mill 

6 

65 

32  „ 

7 

70 

30   „ 

.  — 

2 

8 

50 

— 

2 

Road  crossing  by 

entrance    to 

Brickfield,  Lark 

Lane 

In  addition  to  obtaining  the  before-mentioned  in- 
formation it  is  also  desirable  to  ascertain  the  best 
and  cheapest  means  available  for  hauling  poles  and 
other  material  from  rail  or  boat,  or  whatever  other  de- 
scription of  transport  will  be  employed  to  bring  them 
to  the  nearest  point  where  they  are  to  be  used.  If  a 
route  is  to  be  built  in  close  proximity  to  a  railway, 
canal,  or  navigable  river,  poles  can  readily  be  un- 
loaded and  laid  out  near  the  points  where  they  are  to 
be  erected ;  but  facilities  of  this  kind  are  seldom 
available,  and  it  will  generally  be  found  necessary  to 
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haul  material  considerable  distances  by  means  of  tim- 
ber wagons  or  other  suitable  conveyance.  If  obtain- 
able, it  will  sometimes  be  found  a  cheaper  method 
than  any  other  to  employ  a  traction  engine  and 
wagons  for  this  purpose,  particularly  when  a  large 
number  of  heavy  poles  require  to  be  carried  long 
distances. 

In  selecting  positions  for  ground  poles  it  is  desirable 
wherever  possible  to  arrange  for  so  placing  them  that 
the  prevailing  winds  will  not  be  likely  to  blow  them 
across  roadways  should  they  ever  give  way  owing  to 
stress  of  weather.  Due  care  should  also  be  taken  to 
insure  that  in  the  positions  chosen  the  wires  when 
run  upon  the  poles  will  not  come  in  contact  during 
windy  weather  with  the  branches  of  trees,  buildings, 
or  other  similar  obstructions  which  would  be  likely  to 
injure  them  or  put  them  in  contact  one  with  another. 
Local  conditions  will  of  course  frequently  prevent  the 
most  suitable  positions  being  utilized,  and  the  neces- 
sity of  obtaining  facilities  for  staying  and  strutting 
will  also  largely  influence  the  selection  of  the  positions 
to  be  occupied. 

Wooden  poles  of  various  descriptions,  usually  round 
in  cross  section,  are  almost  universally  employed  for 
carrying  telephone  wires,  except  in  the  centres  of 
large  cities,  where  local  conditions  and  difficulty  in 
obtaining  the  necessary  wayleaves  for  their  erection 
in  suitable  positions  make  it  necessary  as  a  rule  to 
erect  standards  and  other  fixtures  on  the  roofs  of 
buildings.  * 
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Wherever  practicable  ground  poles  should,  however, 
always  be  used  in  preference  to  roof  fixtures,  as  access 
can  usually  be  more  easily  obtained  to  them,  and  the 
heavy  cost  of  repairing  roofs  damaged  by  men  walk- 
ing over  them  will  to  a  very  large  extent  be  saved. 

Wood  ground  poles  in  populous  districts  should  be 
placed  in  side  or  back  streets  or  alleys,  and  not  in 
main  thoroughfares,  as  in  such  positions  they  are  not 
only  less  conspicuous,  but  open  leads,  where  a  ground 
pole  is  used  for  distributing  purposes  in  connection 
with  an  underground  system,  can  be  taken  direct  into 
the  backs  of  premises,  often  without  it  being  neces- 
sary to  make  any  attachment  to  the  building  except 
at  the  points  where  the  wires  will  terminate,  so  that 
traffic  on  the  roofs  will  thereby  be  altogether  avoided. 


CHAPTER   II. 

TELEPHONE    POLES. 

WOOD  POLES. — Norwegian  larch  and  Swedish  fir  poles 
are  generally  used  in  Great  Britain  and  on  the  conti- 
nent of  Europe  for  carrying  telephone  and  telegraph 
wires,  after  being  impregnated  with  some  description 
of  antiseptic,  usually  creosote,  to  preserve  them  from 
decay.  Poles  before  being  creosoted  must  be  first  of 
all  thoroughly  dried  either  by  natural  or  artificial 
means,  after  the  bark  has  been  stripped  off  and  they 
have  been  cut  to  the  required  lengths,  and  all  knots 
and  other  irregularities  trimmed  off  them,  so  that  they 
are  left  as  smooth  as  possible. 

CREOSOTIXG. — The  process  of  creosoting  is  carried 
out  in  the  following  manner.  A  number  of  poles  are 
placed  together  in  a  long  iron  cylinder  from  which 
the  air  is  exhausted,  this  having  the  effect  of  causing 
the  sap  which  may  still  be  in  them  to  exude.  Steam 
is  then  admitted  into  the  cylinder  at  a  pressure  of 
about  100  Ib.  to  the  square  inch,  this  treatment  being 
continued  for  several  hours ;  and  finally  creosote, 
which  is  a  product  of  coal-tar,  is  forced  in  at  a  pres- 
sure of  about  300  Ib.  to  the  square  inch,  which  pene- 
trates into  the  pores  of  the  wood,  as  much  as  from 
8  to  12  Ib.  of  creosote  being  generally  absorbed  in  this 
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way  by  each  cubic  foot  of  timber.  In  some  cases 
steaming  of  the  poles  is  dispensed  with,  and  the  only 
method  of  drying  them  employed  is  to  leave  them  out 
in  the  open  air  sheltered  from  the  sun  and  rain,  and 
so  stacked  that  air  will  circulate  freely  round  them. 
Poles  dried  in  this  way  should  not  be  creosoted  for  at 
least  six  months  after  they  have  been  stripped  of  their 
bark. 

An  objectionable  feature  of  this  method  of  preser- 
vation is  that  the  creosote,  which  turns  the  poles 
black,  is  apt  to  ooze  out,  particularly  in  hot  weather, 
which  may  usually  be  taken  as  an  indication  that 
where  this  occurs  the  pole  was  not  thoroughly  dry 
before  the  creosote  was  forced  in.  Creosoted  poles  also 
cannot  easily  be  painted.  The  use  of  this  class  of 
pole  is  therefore  inadmissible  as  a  rule  in  busy 
thoroughfares. 

Other  methods  of  preserving  wood  poles  from  decay 
have  been  used,  such  as  "  Burnettising,"  "  Boucher- 
ising,"  vulcanising  and  kyanising,  etc.  None  of  these 
methods  have  however  met  with  such  favour  as  has 
creosoting,  which  is  the  cheapest  and  by  far  the  most 
efficient  means  yet  discovered  for  preserving  timber 
from  decay.  The  creosote,  which  is  a  powerful  anti- 
septic, contains  a  certain  quantity  of  cresylic  and 
carbolic  acid,  which  destroys  the  germs  of  vegetable 
life.  Being  of  an  oily  nature,  it  also  acts  as  a  water- 
proof shield,  preventing  the  intrusion  of  moisture  into 
the  centre  of  a  pole  or  other  form  of  timber  which  has 
been  impregnated  with  it.  Poles  preserved  or  pickled 
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in  this  way  have  been  found  to  be  perfectly  sound 
after  being  in  use  for  over  sixty  years,  and  what  the 
ultimate  life  of  poles  so  preserved  is  likely  to  be,  it  is 
not  possible  to  judge  with  any  degree  of  certainty, 
there  being  no  reliable  data  upon  which  to  base  an 
opinion,  but  it  will  probably  depend  to  a  large  extent 
upon  the  quality  of  the  creosote  used. 

BURNETTISING. — This  process  consists  simply  of  lay- 
ing the  poles  in  a  tank  filled  with  a  solution  of 
chloride  of  zinc,  in  which  they  are  allowed  to  remain 
for  several  hours  until  thoroughly  well  soaked. 

KYANISING. — This  method  of  preserving  poles  is 
carried  out  in  an  exactly  similar  manner  to  Burnett- 
ising,  a  solution  of  perchloride  of  mercury  being  how- 
ever used  instead  of  chloride  of  zinc.  In  both  cases  it 
is  essential  that  the  poles  be  thoroughly  well  seasoned 
before  being  placed  in  the  tank. 

VULCANISING  consists  in  baking  the  poles  in  an  iron 
chamber  heated  to  a  temperature  of  about  500  degrees 
Faht.  for  several  hours,  which  treatment  causes  the 
sap  to  curdle,  thus  destroying  the  property  it  would 
otherwise  possess  of  setting  up  decay. 

BOUCHERISING  is  a  method  of  preserving  timber 
which  can  only  be  successfully  carried  out  while  the 
timber  is  in  a  green  condition  instead  of  being  first 
thoroughly  dried,  as  in  the  case  of  all  the  other 
methods  described.  It  consists  of  injecting  a  solution 
of  sulphate  of  copper  into  the  wood.  The  copper 
sulphate  is  forced  in  at  the  butt  ends  under  a  pressure 
derived  by  falling  a  distance  of  about  fifty  feet,  until 
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it  has  penetrated  through  the  whole  length  of  the 
poles  to  the  top  ends,  the  result  being  that  chemical 
changes  are  effected  by  the  intermingling  of  the 
copper  sulphate,  which  is  a  metallic  salt,  with  the 
albuminous  constituents  of  the  sap,  which  combina- 
tion prevents  the  timber  from  decaying. 

One  very  great  disadvantage  of  this  method  of 
preservation  is,  that  the  copper  sulphate  very  rapidly 
destroys  any  ironwork  it  may  come  in  contact  with, 
which  seriously  detracts  from  its  value  as  a  preserva- 
tive for  telephone  poles,  many  of  the  fittings  of  which 
are  of  iron.  Fir  and  larch  poles  which  are  not  sub- 
jected to  any  process  of  preservation  will  very  rapidly 
decay,  particularly  if  they  are  not  thoroughly  well 
seasoned  before  being  erected.  Wet  rot  as  a  rule 
speedily  takes  place,  due  to  fermentation  of  the  sap, 
decomposition  of  the  constituent  elements  of  which 
the  timber  is  composed,  and  to  the  action  of  the 
weather.  It  is  usually  at  the  ground  line,  generally 
termed  the  "  wind  and  water  line,"  that  decay  due  to 
these  causes  most  often  occurs,  owing  to  the  variation 
in  the  temperature  of  the  wood.  Dry  rot  seldom 
attacks  telephone  poles  erected  in  Great  Britain.  It 
is  due  to  the  destruction  of  the  cohesive  and  tensile 
elements  of  the  wood  by  a  kind  of  wood  fungus. 
Timber  attacked  by  dry  rot  is  very  soon  reduced  to 
little  more  than  a  mass  of  powder  internally,  though 
externally  it  will  frequently  appear  to  be  quite  sound. 
In  the  United  States  no  special  means  are  as  a  rule 
employed  to  preserve  poles  from  decay,  beyond  paint- 
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ing  them,  and  charring  and  tarring  their  butts  for 
that  portion  of  their  length  which  will  be  underground 
when  they  are  erected.  Great  care  is  however  always 
exercised  to  insure  that  all  poles  are  thoroughly 
seasoned  before  being  put  into  use.  The  description 
of  timber  most  frequently  used  in  America  is  either 
Norway  pine,  cedar,  cypress  or  chestnut,  and  their 
average  life  is  stated  to  be  as  follows  : — 

Norway  pine  ...  6  years 

Cypress     .  .         .         .  10     „ 

Cedar        .  .         .         .  12      ., 

Chestnut  .  .         .         .  15      ., 

Charring  and  tarring  poles  is  an  effective  method 
of  preserving  their  butts  from  decay,  if  properly  done. 
The  best  method  is  to  gently  roast  the  butt  ends  for  a 
length  of  about  six  feet  over  a  slow  fire,  care  being 
taken  not  to  actually  burn  the  wood  but  only  well 
blacken  it.  This  has  the  effect  of  expelling  any  sap 
that  may  still  remain  in  the  butt  of  the  pole,  pre- 
venting the  absorption  of  moisture,  and  killing  any 
vegetable  or  animal  life  that  may  be  present.  A 
coating  consisting  of  a  mixture  made  up  of  seven 
parts  of  gas  tar  and  three  parts  of  Stockholm  tar  well 
boiled  together,  and  three  parts  of  slaked  lime,  should 
then  be  laid  on. 

Other  methods  are  occasionally  adopted  in  order 
to  preserve  poles  from  decaying  at  the  wind  and 
water  line*.  One  of  these  is  to  remove  the  earth  from 
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round  the  pole  at  the  ground  line  for  a  space  of  about 
three  inches  and  to  the  same  depth.  This  cavity  is  then 
filled  in  with  a  gallon  of  tar  oil.  In  California,  crude 
petroleum  is  often  used  in  the  same  manner,  about 
two  gallons  however  being  as  a  rule  employed,  poured 
into  a  trench  dug  round  the  pole  to  a  depth  of  one 
foot.  The  earth  is  not  filled  in  until  the  oil  has  had 
time  to  settle  and  soak  thoroughly  into  the  timber. 
Yet  one  other  method,  sometimes  practised  in  the 
United  States,  is  to  dig  a  channel  to  a  depth  of  about 
three  feet  round  the  pole,  which  is  filled  in  with  rock 
salt. 

In  Norway  also,  as  in  America,  no  special  means 
are  adopted  to  preserve  poles  from  decaying, 
except  at  the  butt  ends,  which  it  is  the  practice 
to  thoroughly  soak  in  creosote  for  a  length  of 
about  six  feet,  the  rest  of  the  poles  being  painted 
only. 

In  Switzerland  Boucherising  is  the  usual  method  of 
preservation,  but  it  is  about  the  only  country  in 
which  this  method  is  much  favoured. 

In  Holland  it  is  the  practice  to  paint  poles  used  in 
town  construction  with  some  description  of  preserva- 
tive compound,  and  round  the  butts  for  a  distance  of 
three  feet  above  the  ground  line  square  wooden 
casings  are  fitted,  the  tops  being  closed  with 
moulded  lids.  The  space  between  the  casing  and 
the  pole  is  then  filled  in  with  clean  dry  sand.  The 
effect  of  this,  it  is  asserted,  is  that  the  butt  will  not 
decay  between  the  wind  and  water  line,  but  only 
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the  wood  casing,  which   can   be  easily  and  cheaply 
renewed. 

Poles  which  have  not  been  subjected  to  any  process 
for  preserving  them  are  sometimes  used  in  Great 
Britain,  being  painted  only  and  their  butts  charred 
and  tarred  as  in  the  United  States.  When  this  class 
of  pole  is  employed,  which  is  as  a  rule  only  the  case 
when  wayleaves  cannot  be  obtained  for  the  erection 
of  poles  preserved  with  creosote,  square  pitch  pine  or 
round  English  larch  poles  are  usually  used.  They  are 
however  very  expensive,  and  British  larch  poles  of 
any  great  length  are  difficult  to  obtain  perfectly 
straight. 

The  usual  practice  is  to  paint  these  poles  black 
for  a  distance  of  about  six  feet  above  the  ground 
line  and  white  for  the  rest  of  their  length,  or 
in  such  other  colours  as  may  be  required  by  local 
authorities. 

The  following  table  shows  the  average  dimensions 
of  round  wood  poles  used  for  telephonic  purposes. 
The  lighter  class  of  poles  are  used  only  for  branch 
lines,  or  on  routes  where  the  probable  ultimate  num- 
ber of  wires  to  be  carried  will  not  exceed  about  four 
pairs ;  the  stout  class  of  poles  being  used  for  heavy 
routes. 

It  is  very  important  that  due  care  should  be 
taken  to  insure  that  when  a  route  is  to  be  con- 
structed the  right  class  of  poles  are  provided, 
otherwise  subsequent  heavy  and  unnecessary  expense 
-  be 'the  result. 
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TABLE  SHOWING  AVERAGE  DIMENSIONS  OF  BOUND 
WOOD  TELEPHONE  POLES. 


Stout  Poles. 

Light  Poles. 

Length 

of  Pole 

Mean 

Minimum 

Mean 

Minimum 

in  feet. 

diameter 

diameter  at  5 

diameter 

diameter  at  5 

at  top.         i  feet  from  butt. 

at  top. 

feet  from  butt. 

24 

6£  inches        8|  inches 

5£  inches 

6£  inches 

26 

6i      „            8i      „ 

54       „ 

6f 

28 

64      „        i    8|      „ 

54      „ 

7 

30 

64      » 

9        „ 

54       , 

7i 

32 

6f      „            9*      „ 

51       , 

7i 

34 

7        „ 

91      „ 

5|       , 

71 

36 

7±      „ 

10        „ 

5|       , 

71 

38 

7i      ,i 

10|       „ 

6 

8 

40 

74      „ 

11        „ 

6 

8 

45 

74      „ 

Hi       „ 

6 

8| 

50 

74      „ 

12J      „ 

6i        , 

91 

55 

71      „ 

13 

6*       , 

10i 

60 

8        „ 

131      „ 

61       „ 

11 

65 

8        „ 

14i      , 

7        ,, 

12 

70 

8i       , 

14|       , 

75 

9 

15i       , 

— 

— 

80 

9*       , 

15|      , 

— 

85 

9i       , 

16        , 

— 

— 

90 

94        , 

164      , 

— 

— 

Poles  intended  to  be  used  for  carrying  telephone  or 
telegraph  wires  should  always  be  felled  in  the  winter, 
as  at  that  season  of  the  year  there  is  less  sap  in  them 
than  at  any  other  time.  They  should  have  a  close 
and  hard  grain,  with  the  annular  rings  closely  pitched 
and  the  hearts  sound  and  firm.  They  should  also  be 
uniformly  straight  and  well  grown,  and  be  free  from 
all  large  or  dead  knots,  particularly  at  the  top  ends, 
and  from  shakes,  bends,  or  other  irregularities.  The 
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natural  butts  of  the  poles  ought  not  to  be  cut  off,  but 
sawn  square  across,  and  all  bark  and  the  soft  wood 
underlying  it  should  be  removed.  They  should  be 
cut  to  specified  dimensions,  and  left  as  clean  and 
smooth  as  possible.  Any  discolourisation  of  the  wood 
should  be  carefully  examined,  as  it  may  indicate  the 
presence  of  decay,  which  might  be  of  such  a  nature  as 
to  make  the  pole  useless  for  the  purpose  for  which  it 
is  required. 

Square  poles  of  pitch  pine  or  other  approved  descrip- 
tion of  timber  should  be  planed  quite  smooth,  sawn 
perfectly  true,  and  have  the  corners  chamfered. 

The  determination  of  the  amount  of  creosote  ab- 
sorbed by  poles  subjected  to  that  method  of  preserving 
them  from  decay  is  usually  arrived  at  by  weighing 
sample  quantities  of  them  both  before  and  after 
creosoting. 

Creosoted  poles  are  usually  stamped  at  a  point  ten 
feet  from  the  butt  ends  with  the  year  in  which  they 
were  so  treated,  which  serves  the  double  purpose  of 
indicating  approximately  how  long  they  have  been 
erected  and  to  what  depth  in  the  ground  their  butts 
are  buried. 

The  approximate  weight  of  creosoted  poles  is  about 
half  a  cwt.  per  cubic  foot,  and  the  weight  of  any  pole 
may  be  ascertained  in  cwts.  by  multiplying  the  cubic 
contents  given  in  the  foregoing  tables  by  *464. 

When  it  is  impossible  to  obtain  single  wood  poles  of 
sufficient  length,  the  common  method  of  obtaining 
the  required  height  is  to  splice  two  carefully  selected 
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poles  together.  This  is  usually  done  by  means  of  a 
scarved  joint  as  shown  in  Fig.  1,  or  a  V  joint  as  in 
Fig.  2. 

tf 


Fig.  1.  Fig.  2.  Fig.  3. 

Two    poles    spliced    together    by   either   of    these 

methods  will,  if  the  splice  has  been  carefully  made, 

stand  as  great,  and  sometimes  a  greater,  stress  as  would 

a  single  pole  of  corresponding  length.     Care  should 
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always  be  taken  when  making  joints  of  this  kind,  to 
well  brush  the  cut  ends  with  Stockholm  tar  or  similar 
water-proof  compound. 

Fig.  3  illustrates  a  method  in  vogue  in  Germany  of 
obtaining  additional  height. 

Iron  ground  poles  are  extensively  employed  for 
supporting  telephone  wires  in  some  continental  cities, 
many  of  them  being  of  very  handsome  design,  and 
their  erection  even  in  conspicuous  places  in  main 
thoroughfares  is  not  looked  upon  as  detracting  in  any 
way  from  the  appearance  of  the  neighbourhood  in 
which  they  are  fixed,  but  rather  as  an  embellishment. 

Poles  of  this  description  are  however  very  ex- 
.  pensive,  and  on  this  account  principally  they  have 
never  been  used  in  the  United  Kingdom  either  by  the 
Government  or  the  telephone  companies.  Less  orna- 
mental patterns  of  iron  ground  poles  are  occasionally 
employed  where  local  authorities  refuse  to  grant  way- 
leaves  for  the  erection  of  any  other  kind.  They  are 
generally  of  the  telescopic  tubular  pattern  made  of 
wrought  iron,  with  cast-iron  bases.  A  type  of  iron 
ground  pole  which  has  been  used  to  a  considerable  ex- 
tent by  the  British  Government  both  at  home  and 
abroad  is  illustrated  in  Fig.  4.  It  is  made  in  four 
distinct  parts,  viz.,  a  lightning  conductor,  an  upper 
tube  of  wrought  iron,  lower  tube  of  cast  iron,  and 
base  plate  made  of  buckled  sheet  iron.  One  of  the 
great  advantages  of  this  particular  pattern  of  iron 
pole  is  its  lightness  and  portability,  which  enables 
it  to  be  easily  transported  to  places  where  wood,  or  a 
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more  solid  type  of  iron  pole,  could  not  easily  be  taken. 

Another  but  heavier  type 
of  telescopic  pole  occasion- 
ally used  in  Great  Britain 
by  the  National  Telephone 
Company  is  that  shown  in 
Fig.  5.  Fig.  6  is  an  illus- 
tration of  a  very  handsome 
iron  column  erected  in  Zurich, 
Switzerland,  which  is  75  feet 
high. 

A   type   of    lattice    work 


O 


o 


Fig.  4. 


Fig.  5. 
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pole  of  a  most  artistic  design  which  is  frequently 
to  be  met  with  in  many  Belgian  cities  is  illustrated 
in  Fig.  7.  It  is  made  of  angle  iron  in  two  sections, 
and  is  no  less  than  98  feet  in  length,  and  it  stands 


Fig.  6.  Fig.  7.  Fig.  8. 

securely  even  on  a  sharp  angle  without  the  aid  of 
any  description  of  stays  whatever. 

Another  very  artistic  pattern  of  pole  frequently 
used  in  Italy  is  shown  in  Fig.  8.  It  is  made  in  three 
sections  and  has  considerable  carrying  capacity. 
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CHAPTER  III. 

POLE    SETTING. 

GROUND  poles  should  as  a  rule  always  be  erected  in 
as  straight  a  line  as  circumstances  will  permit.  It 
will  however  occasionally  be  found  desirable  to  deviate 
from  this  rule  in  order  to  efficiently  stay  a  route  of 
poles  erected  in  an  exposed  position. 

On  all  curves  and  at  points  where  branch  lines 
strike  off  at  an  angle  from  a  main  route  the  poles 
should  be  set  slightly  back  against  the  stress  of  the 
wires,  so  that  when  the  ground  which  has  been  dis- 
turbed when  setting  has  settled  again,  and  the  wires 
have  been  finally  strained  up,  they  will  become  as 
nearly  vertical  as  possible. 

Pole  holes  should  always  be  dug  in  the  same  direc- 
tion as  the  wires  will  take,  and  no  more  ground 
should  be  disturbed  than  is  absolutely  necessary. 
The  width  of  the  hole  need  not  as  a  rule  be  more  than 
sufficient  to  allow  a  man  to  work  in.  and  should  be 
kept  as  nearly  as  possible  the  width  of  the  pole  itself 
at  the  butt.  The  smallest  amount  of  labour  necessary 
will  be  expended  and  least  ground  disturbed  by  dig- 
ging holes  in  steps  as  shown  in  Fig.  9.  This  method 
insures  a  solid  bearing  for  the  whole  length  of  that 
portion  of  a  pole  which  will  be  underground,  on  three 
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sides,  and  on  a  portion  of  the  fourth  side  also.  The 
disturbed  ground  when  filled  in  again  round  the  poles 
should  be  thoroughly  well  rammed  down,  and  large 


Fig.  9. 

stones,  if  obtainable,  placed  in  the  holes  to  assist  in 
keeping  the  poles  in  position. 

In  the  accompanying  table  is  set  forth  the  average 
depths  to  which  it  is  customary  to  sink  holes  for 
various  lengths  of  poles. 

TABLE  SHOWING  DEPTHS  AT  WHICH  WOOD  POLES 
SHOULD  BE  SET. 


Lengt 
pole 

.  of 

Depth  in 
'  ground. 

Length  of                L 
pole.                     § 

'epth  in 
'round. 

20  fl 

3  ft,     8  ir 

i. 

46  ft.             5  f 

t.   10  i 

n. 

22    , 

? 

3   „    10    ., 

48   „              6 

24    , 

? 

4   „ 

50   „              6 

3 

26 

4   „      2    , 

55   .,              6 

6 

28 

4   „      4    , 

60   „              6 

9 

30 

4   „      6    , 

65   .,              7 

32 

4   „      8    , 

70   „              7 

3 

34 

4   „    10    , 

75   .               7 

6 

36 

5  „ 

80   .               7 

9 

38 

5  ,.      2    . 

85   '.              8 

40 

5  ,',   4  ; 

90   ,               8 

3 

42 

5   .,      6    , 

95    ,               8 

6   , 

? 

44 

5   ,,      8    , 

100   ,               9 

) 
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Under  certain  conditions  it  will  sometimes  be  found 
desirable  to  set  a  pole  either  at  a  less  depth  or  deeper 
than  the  depths  mentioned  in  this  table.  In  very 
hard  ground,  for  example,  poles  need  not  always  be 
set  quite  so  deep  as  shown  in  the  table,  and  in  very 
loose  ground  it  will  often  be  found  desirable  to  set 
them  deeper. 

In  very  loose  or  boggy  ground  additional  stability 


Fig.  10. 

may  be  obtained  by  bolting  blocks  of  timber  on  to  the 
butts  of  the  poles  at  right  angles  to  their  length. 
When  the  work  of  pole  setting  has  been  carried  out 
in  wet  weather,  the  wires  should  not  be  run  upon 
them  until  they  have  had  time  to  thoroughly  settle. 

Great  care  ought  always  to  be  exercised  to  avoid 
their  being  set  in  positions  where  they  would  be  likely 
to  interfere  with  water  courses  or  be  an  obstruction  to 
traffic  in  any  way. 

Where  roadways  have  to  be  crossed  it  is  desirable 
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to  place  the  poles  on  either  side  so  that  the  wires  when 
run  between  them  will  cross  the  roadway  as  nearly  as 
possible  at  a  right  angle,  as  in  that  position  the  spans 
will  be  shorter  than  in  any  other  and  the  wires  be  less 
conspicuous. 

The  usual  method  adopted  for  raising  wood  poles 
up  to  about  60  feet  in  length  is  by  means  of  ladders 
in  the  manner  shown  in  Fig.  10.  Lad- 
ders used  for  this  purpose  should  have  a 
stout  wire  or  iron  rung  fitted  at  the  top 
of  them  to  strengthen  the  styles  at  that 
point  as  in  Fig.  11. 

As  is  clearly  shown  in  the  sketch,  the 
butt  of  the  pole  is  first  placed  over  the 
hole,  its  end  resting  against  a  stout  back 
board  set  upright  in  the  extreme  end, 
which  serves  the  double  purpose  of  pre- 
venting the  end  of  the  pole  from  breaking 
the  ground  away,  and  at  the  same  time  provides  a 
fairly  smooth  and  solid  surface  for  it  to  slide  down  on. 
In  the  United  States  pike  poles  and  dead  heads 
(Figs.  12,  12A,  and  12s)  are  generally  used  for  raising 
all  but  the  largest  poles,  instead  of  ladders.  The 
pikes  used  are  usually  12  and  16  feet  in  length,  and 
the  modus  operandi  of  actually  raising  the  poles  with 
them  is  practically  identical  with  the  method  of 
carrying  out  the  same  work  with  ladders. 

Poles  of  greater  length  than  stated  are  usually 
raised  by  means  of  blocks  and  falls  attached  to  a 
derrick  pole  temporarily  erected  for  the  purpose 
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Fig.  12A. 


Fig.  12B. 

(Fig.  13),  though  some  engineers  consider  the  use 
of  a  derrick  for  raising  even  the  longest  poles  un- 
necessary ,-* and  that  ladders  only  need  be  employed 
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for  the  purpose.  This  is  however  a  method  of  erect- 
ing very  long  poles  which  should  not  be  encouraged, 
as  it  is  one  involving  considerable  risk  to  those  en- 
gaged in  carrying  out  the  work,  but  a  derrick  ought 
always  to  be  used. 

The  derrick  pole  should  be  about  two-thirds  as  long 
as  the  pole.    It  is  to  be  used  in  erecting,  and  it  should 


Pig.  13. 

stand  about  a  yard  from  the  head  of  the  pole  hole. 
It  need  not  be  sunk  in  the  ground  more  than  a  foot 
deep,  but  must  be  well  stayed  all  round,  particular 
care  being  taken  to  insure  that  the  back  stay,  which 
will  have  to  bear  the  heaviest  stress,  is  a  thoroughly 
efficient  one.  Rope  should  preferably  be  used  for 
guying  or  staying  a  derrick;  3-inch  manilla  is  a 
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suitable  size  and  class  of  rope  to  use   for  this  pur- 
pose, and  3J  or  4  inch  for  the  falls. 

The  greatest  possible  care  should  always  be  taken 
to  see  that  these  ropes  and  those  used  as  falls  with 
the  blocks  are  in  perfect  condition  before  being  used, 
as  neglect  of  this  precaution  is  almost  sure  to  result 
in  disaster  sooner  or  later.  A  rope  may  often  on  a 
casual  inspection  appear  to  be  in  perfect  condition, 
yet  it  may  nevertheless  be  quite  perished,  and  conse- 
quently unfit  for  use.  This  is  often  found  to  be  the 
case  with  certain  kinds  of  rope,  particularly  after  it 
has  been  lying  by  for  some  time.  The  only  safe  rule 
to  follow  therefore  is  to  practically  test  every  rope 
before  it  is  put  into  use,  by  putting  at  least  as  great 
a  stress  upon  it  as  it  is  likely  to  be  called  upon  to 
withstand  when  being  used  on  the  work  for  which  it 
is  required.  Before  starting  to  raise  a  long  pole,  either 
by  means  of  ladders  or  by  using  a  derrick  for  the 
purpose,  light  lines  should  be  attached  to  the  head  of 
the  pole,  by  means  of  which  it  can  be  steadied  and 
when  raised  kept  in  an  upright  position  before  the 
ground  is  filled  in.  The  light  class  of  rope  known 
as  sash  line  is  usually  used  for  this  purpose,  but  a 
stronger  rope  should  be  employed  in  the  direction 
directly  behind  the  pole  hole,  as  a  heavy  stress  would 
be  put  upon  it  should  the  pole  get  out  of  a  perpen- 
dicular position,  and  fall  in  the  direction  from  which 
it  was  raised.  A  pole  can  be  easily  turned  while 
standing  on  end  before  the  hole  is  filled  in,  by  means 
of  a  wirex>r  other  suitable  sling  being  passed  round 
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it  about  5  feet  from  the  ground  line,  provided  with 
an  eye  in  each  end,  through  which  a  bar  can  be  passed 
to  be  used  as  a  lever  (Fig.  14),  or  by  means  of  a  cant- 
hook  (Fig.  15),  which  is 
the  form  of  implement 
usually  employed  for  this 
purpose  in  the  United 
States,  and  also  for  mov- 
ing poles  about  when 
lying  on  the  ground. 

Considerable  diversity 
of  practice  exists  with  re- 
gard to  the  distance  at 
which  poles  are  placed 
apart  and  the  lengths  of 
poles  used  to  carry  a  cer- 
tain number  of  wires. 

In  America  the  stan- 
dard height  of  poles  used 
for  all  ordinary  work  on 
country  roads  is  35  feet, 


Fig.  14. 


and  in  cities  from  40  to  60  feet,  and  the  distance 
they  are  usually  set  apart  is  between  40  and  50  yards. 
While  this  ensures  stability  of  construction,  it  on  the 


Fig.  15. 

other  hand  necessarily  results  in  a  loss  of  insulation, 
and  the  first  cost  is  much  heavier  for  erecting  a  given 
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length  of  route  than  it  would  be  if  the  practice  fol- 
lowed in  Great  Britain  was  adopted  of  setting  poles 
at  a  distance  varying  between  60  and  80  yards  apart, 
65  yards  being  the  standard  adopted  by  the  National 
Telephone  Company,  and  60  yards  by  the  Govern- 
ment. Climatic  conditions  are  of  course  different  in 
the  two  countries,  and  the  violent  storms  and  blizzards 
which  frequently  occur  in  the  United  States  make  it 
necessary  to  build  routes  in  a  more  substantial  manner 
than  is  necessary  as  a  rule  in  a  country  less  subject 
to  such  severe  weather. 

Not  only  are  the  poles  set  at  greater  distances  apart 
in  Great  Britain  and  on  the  continent  of  Europe  than 
in  America,  but  the  average  height  used  on  country 
roads  is  less,  being  about  30  feet  in  Great  Britain, 
and  24  feet  on  the  continent.  The  number  of  wires 
to  be  carried  should  as  a  rule  regulate  to  a  very  large 
extent  both  the  distance  at  which  poles  are  placed 
apart  and  their  height.  In  no  case  should  they  be 
of  less  length  than  will  allow  of  the  lowest  wires 
run  upon  them  having  a  clearance  of  20  feet  above 
the  ground  on  country  roads,  and  30  feet  within  city 
boundaries,  so  that  no  obstruction  will  be  caused  to 
the  passing  of  fire  escapes. 

On  hilly  roads  the  height  of  poles  should  be  so 
graduated  that  the  wires  when  run  will  at  all  points 
be  as  nearly  as  possible  on  the  same  horizontal  plane. 
This  result  can  generally  be  obtained  by  placing  long 
poles  in  the  valleys  and  gradually  diminishing  their 
length  until  the  tops  of  the  hills  are  reached.  Sharp 
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angles  should  be  avoided,  and  any  change  of  level  be 
made  gradually. 

Convenient  tools  for  use  in  erecting  and  carrying 
poles  are  the  carrying-hook,  long-handled  spade,  scoop 


Fig.  15A. 

and  digging  iron,  illustrated  in  Fig.  15A,  which  are 
much  used  for  this  purpose  in  the  United  States  par- 
ticularly. 
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CHAPTER  IV. 

STRUTTING   AND    STAYING    GROUND   POLES. 

THE  efficient  strutting  and  staying  of  a  route  of  ground 
poles  is  a  very  important  matter,  as  to  a  very  large 
extent  its  stability  will  depend  upon  this  part  of  the 
work  being  thoroughly  and  effectively  carried  out. 
On  light  routes  the  use  of  strutts  will  not  often  be 
found  necessary  except  on  very  sharp  bends,  but  on 
heavy  country  road  routes  a  considerable  amount  of 
both  strutting  and  staying  will  generally  be  found 
necessary. 

Where  a  number  of  strutts  or  stays  are  attached  to 
poles,  several  of  which  can  be  seen  at  the  same  time, 
or  where  they  are  in  a  straight  line,  the  angles  which 
the  strutts  or  stays,  as  the  case  may  be,  make  with 
the  poles,  should  be  the  same,  so  that  uniformity  is 
thus  given  to  the  whole  route  which  will  add  much  to 
its  appearance. 

Strutts  should  be  so  placed  that  they  will  act  also 
as  stays  if  necessary.  They  should  be  of  sufficient' 
length  to  allow  of  at  least  four  feet  being  in  the 
ground.  The  top  end  of  a  strutt  should-  as  a  rule  be 
attached  to  the  pole  upon  which  it  is  used,  at  what 
will  ultimately  be  the  resultant  point  when  all  the 
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wires  it  is  intended  to  carry  are  run.  It  will  occasion- 
ally be  found  inexpedient  to  carry  out  this  rule,  where 
in  this  position  the  fixing  of  further  arms  would  be 
interfered  with,  and  the  carrying  capacity  of  the  pole 
be  in  consequence  curtailed. 

Where  this  would  be  the  case  the  top  of  the  strutt 
should  be  placed  under  the  lowest  arm.     The  usual 


Fig.  16. 

method   employed   for  securing  a  strutt  to  a  pole  is 
as  shown  in  Fig.  16. 

Care  should  be  taken  not  to  weaken  the  pole  by 
cutting  too  much  into  it.  The  mortice  ought  not  to 
exceed  one  and  a  half  inches  in  depth  ;  into  this  the 
scarfed  end  of  the  strutt  is  neatly  fitted,  and  secured 
to  the  pole  by  means  of  a  galvanized  iron  bolt  fitted 
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with  a  bevelled  washer  and  nut  at  one  end  and  an 
ordinary  washer  and  nut  at  the  other  end. 

To  the  lower  end  of  the  strutt,  and  also  of  the  pole, 
stout  blocks  of  timber  should  be  bolted,  and  a  three- 
quarter  inch  G.I  bolt  fixed  about  midway  between 
the  top  of  the  strutt  and  its  butt,  to  counteract  any 


Fig.  17. 

tendency  it  might  otherwise  have   to   spread   away 
from  the  pole,  as  shown  in  Fig.  17. 

The  lighter  class  of  pole  is  usually  used  for  a  strutt, 
with  a  top  about  one  and  a  half  inches  less  in  diameter 
than  the  pole  it  is  to  support.  On  very  heavy  routes 
what  are  'commonly  known  as  "  H  "  poles  are  fre- 
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quently  employed.  These  consist  simply  of  two  poles 
placed  side  by  side  but  a  few  feet  apart,  joined 
together  at  the  top  by  long  arms,  and  at  the  butt 
ends  by  a  block  of  creosoted  timber  fastened  on  by 
means  of  Gr  I  bolts.  Additional  stability  and  stiffness 
is  obtained  by  bolting  a  piece  of  stout  timber  about 
3  x  2 1  inches  square  half  way 
between  the  tops  and  butts  of 
the  two  poles  as  in  Fig.  18. 

When  circumstances  make  it 
impracticable  to  either  stay  or 
strutt  a  pole,  very  stout  poles 
should  be  used,  set  deeper  in  the 
ground  than  would  under  ordin- 
ary conditions  be  necessary,  and 
set  well  back  at  the  head  against 
the  stress  of  the  wires.  Ad- 
ditional stability  may  also  be 
obtained  by  bolting  two  blocks 
^  of  timber  on  to  the  butt  below 
the  ground,  one  being  fixed  on 
either  side  of  the  pole  in  the 
positions  shown  in  Fig.  19.  The 
ground  under  the  upper  block 


Fig.  18. 


should  not  be  disturbed  but  left  as  solid  as  possible, 
and  over  the  lower  block  heavy  stones  should  be 
placed  in  order  to  obtain  a  solid  bearing. 

To  prevent  the  pole  itself  bending,  it  may  be  trussed 
on  the  side  farthest  from  the  direction  of  the  stress  of 
the  wires  attached  to  it,  by  means  of  an  iron  out- 
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rigger  and  wire  stay  in  which  a  screw  swivel  should 
be  inserted  in  order  to  regulate  the  tension  as  shown 
in  Fig.  20. 


Fig.  19. 


Fig.  20. 


Fig.  21. 


Another  method  which  it  will  sometimes  be  found 
useful  to  adopt  where  efficient  staying  or  strutting  is 
impracticable  is  to  place  two  stout  poles  close  together 
and  bolt  them  to  each  other  as  shown  in  Fig.  21. 

In  this  case  trussing  will  not  be  necessary.     The 
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effect  of  trussing  a  pole  is  simply  to  prevent  it  from 
bending,  and  it  does  not  in  any  way  counteract  any 
tendency  it  might  have  to  go  bodily  over. 

As  in  the  case  of  strutts,  stays  should  be  fixed  to 
that  part  of  the  head  of  a  pole  which  will  be  the  re- 
sultant point  when  all  the  wires  it  is  to  carry  are 
attached  to  it,  but  great  care  should  always  be  taken 
to  so  place  them  that  they  will  not  come  in  contact 
with  any  of  the  line  wires  or  insulators. 

Stays  are  employed  for  the  same  purpose  as  strutts. 
In  the  one  case,  however,  they  are  in  tension,  and  in 
the  other  in  compression  against  the  stress  of  the 
wires. 

Generally  speaking  stays  should  be  employed  where 
staying  or  strutting  is  necessary,  in  preference  to 
strutts,  as  they  occupy  less  space,  can  be  easily  ad- 
justed, and  look  neater,  and  also  cost  much  less. 

Care  should  always  be  taken  to  avoid  placing  stays 
in  positions  where  there  is  a  possibility  of  their  caus- 
ing an  obstruction  or  injuring  cattle  or  other  animals, 
or  of  being  injured  themselves.  In.  exposed  positions 
they  should  be  protected  by  means  of  a  piece  of  tim- 
ber laid  along  them  for  a  distance  of  about  6  feet 
above  the  ground  and  1  foot  below  the  surface,  the 
stay  being  securely  fastened  to  the  protector  by  means 
of  stout  G  I  staples. 

Stranded  galvanized  iron  wire  of  various  gauges 
and  of  the  best  quality  is  generally  used  for  stays, 
the  sizes  most  commonly  employed  for  this  purpose 
being  Nos.  8,  11,  and  14  S  W  G  (standard  wire  gauge). 
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Several  such  wires  are  usually  employed  for  each  stay 
laid  up  neatly  together  in  the  following  numbers : 

Q      t\      7       7         7 

8'  8'  8'  II1  ii'  When  stay  wire  is  supplied  not  so  laid 
up,  and  this  has  to  be  done  by  hand,  care  should  be 
taken  to  see  that  the  various  wires  are  evenly  laid 
and  twisted  together.  The  length  of  lay  in  each 
case  should  be  about  as  follows : — 

Length  of  lay. 
•|,  8  inches. 

f,       10    „ 

I,      11    „ 
A,     10   .. 

A,  4       „ 

Wire  intended  to  be  used  for  stays  should  be  free 
from  all  splits,  scale,  and  irregularities  of  all  kinds. 
It  should  be  soft  and  pliable,  uniformly  annealed  and 
well  galvanized.  It  should  be  made  without  splice  or 
joint  and  be  perfectly  cylindrical  throughout  its  whole 
length.  It  should  be  made  up  in  coils  of  certain 
specified  weights  and  be  in  continuous  lengths  and  be 
well  stretched  after  it  has  been  galvanized  in  order 
to  take  out  any  kinks  or  bends.  The  quality  of  the 
galvanizing  is  usually  tested  by  dipping  sample 
lengths  of  wire  four  successive  times  into  a  vessel  con- 
taining a  solution  of  sulphate  of  copper,  for  a  period 
of  one  minute  and  each  time  wiped  dry.  If  after 
this  treatment  all  the  galvanizing  is  not  removed  and 
there  is  no  sign  of  a  metallic  copper  deposit  upon  any 
of  the  wires,  the  galvanizing  may  be  considered  to 
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have  been  effectively  applied.  It  should  also  be  sub- 
jected to  a  further  test  in  order  to  ascertain  whether 
the  galvanizing  will  split  or  peel  off  or  not,  and  this 
can  best  be  done  by  wrapping  sample  lengths  round 
iron  bars  of  various  diameters.  The  following  are 
the  diameters  of  the  bars  that  should  be  employed  in 
making  this  test : — 

For  No.    8  S  "W  Gr  wire,  a  bar    2  in.  in  diameter. 

77  77  77  77  *3       77  77 

14  3 

77  77  77  77  T      7)  7? 

The  tensile  strength  or  breaking  strain  of  the  wire 
ought  also  to  be  tested  by  means  of  a  dynamometer. 
This  apparatus  is  a  special  kind  of  tension  balance 
which  can  be  so  regulated  that  any  required  tension 
can  be  put  upon  sample  lengths  of  wire,  the  breaking 
strain  being  indicated  on  a  scale  or  dial  attached  to  the 
machine,  one  form  of  which  is  illustrated  in  Fig.  22. 

The  elongation  of  the  wire  after  being  tested  with 
this  machine  should  not  exceed  15  per  cent,  in  a  length 
of  10  inches. 

Yet  one  other  test  to  which  stay  wire  should  be 
subjected  before  being  put  into  use  is  for  torsion. 
Good  wire  ought  to  stand  being  twisted  from  eighteen 
to  twenty  times  in  a  length  of  6  inches  without  rup- 
turing. This  test  is  made  by  firmly  gripping  one  end 
of  a  sample  length  of  wire  in  a  stationary  vice,  the 
other  end  being  fixed  in  another  vice  so  fitted  that  it 
can  be  steadily  revolved. 

The  diameter,  weight  per  mile,  and  breaking  strain 
of  the  various  gauges  of  stay  wires  enumerated  is  set 
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forth  in  the  following  table.     A   "  mil  "  is  the  one- 
thousandth  part  of  an  inch. 

APPROXIMATE     WEIGHT,     DIAMETER     AND     BREAKING 
STRAIN  OF  G  I  STAY  WIRE. 


Minimum 

Description. 

Diameter 
in  mils. 

Weight  per     Weight  per 
yard  in  Ibs.     mile  in  Ibs. 

Breaking 
Strain  in 

Ibs. 

No.    8.  S.W.G. 

170 

•227               400 

1125 

»  11. 

120 

•113               200 

713 

»     -^4.          ,, 

80 

•045                 90 

321 

The  ground  end  of  a  wire  stay  should  always  be 
attached  to  some  description  of  swivel,  by  means  of 
which  its  tension  can  be  readily  regulated.  A  common 
form  of  swivel  and  stay  rod  used  for  this  purpose  is 
illustrated  in  Fig.  23. 


Fig.  23. 

It  consists  simply  of  a  long  iron  eye  working  on  a 
rod  6  or  8  feet  in  length,  threaded  at  the  upper  end 
and  provided  with  a  stop  nut.  The  lower  end  of  the 
rod,  which  is  also  threaded,  is  passed  through  a  stout 
block  of  creosoted  timber  commonly  known  as  a  "  stay 
block,"  to  which  it  is  secured  by  means  of  a  nut  and 
washer.  The  usual  length  of  blocks  used  for  anchor- 
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ing  stays  to  is  3  feet.     Old  poles  cut  to  this  length  or 
railway  sleepers  serve  the  purpose  admirably. 

A  stay  block  should  be  buried  in  the  ground  to  a 
depth  of  from  4  to  6  feet,  and  at  the  point  where  it 
rests  the  ground  should  be  undercut  and  heavy  stones, 
if  procurable,  placed  above  it.  The  earth  when  filling 


Fig.  24. 


Fig.  25. 


in  should  be  well  rammed  down,  so  that  the  greatest 
possible  resistance  may  be  offered  to  any  stress  which 
may  be  placed  upon  the  stay  to  which  the  rod  is 
attached. 

One  method  of  securing  a  stranded  stay  to  a  stay 
rod  is  shown  in  Fig.  24. 

The  strands  are  first  passed  round  a  Gr  I  thimble  en- 
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circling  the  end  of  the  eye  of  the  rod  and  then  each 
wire  is  made  off  separately  by  being  wrapped  several 
times  round  the  remainder. 

The  thread  at  the  upper  end  of  the  rod  should  be 
well  coated  with  a  mixture  of  white  lead  and  tallow 
to  preserve  it  from  rusting. 

The  upper  end  of  a  stay  wire  should  be  taken  twice 
round  the  pole  and  then  made  off  as  in  Fig.  25. 

In  the  United  States  practice  differs  somewhat  from 
that  in  vogue  in  Great  Britain  both  as  to  the  class  of 


Fig.  26. 

wire  used  for  stays  and  also  in  the  method  adopted  of 
anchoring  them.  Steel  wire  corresponding  to  No.  12 
S  "W  G  is  usually  employed  instead  of  galvanized  iron, 
seven  of  such  wires  being  laid  up  together  in  the  form 
of  a  cable,  and  attachment  to  the  pole  and  stay  rod  is 
made  by  means  of  some  description  of  iron  clamp,  a 
common  form  of  which  is  illustrated  in  Fig.  26. 

The  stay  rods  generally  used  in  America  have  no 
swivels  or  other  means  whereby  the  tension  of  the 
stay  can  be  regulated.  Another  method  of  anchoring 
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stays  which  is  frequently  employed  by  American  tele- 
phone engineers  is  by  means  of  what  is  commonly 
known  as  a  stay  stub  (Fig.  27).  This  consists  of  the 
butt  end  of  an  old  pole  about  8  to  12  feet  in  length, 
or  other  suitable  piece  of  timber,  driven  into  the 
ground  and  set  well  back  at  the  head  against  the  pull 


Fig.  27. 

of  the  stay.  Where  roads  have  to  be  crossed  by  stays, 
longer  stubs  are  employed  in  conjunction  with  stay 
rods,  as  in  Fig.  28. 

A  similar  method  of  staying  is  also  not  infrequently 
employed  in  Great  Britain  and  on  the  continent,  where 
it  is  known  as  a  gallows  stay. 
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Poles  carrying  a  large  number  of  wires  should 
always  be  double  stayed,  one  stay  being  attached  to 
the  head  of  the  pole,  and  the  other  underneath  the 
lowest  arm  ;  unless  this  is  done  there  is  always  a 
tendency  either  for  the  head  of  the  pole  to  be  broken 
off  or  the  lower  part  to  bend.  The  forked  or  Y  stay 
is  commonly  used  in  America  in  this  way,  and,  as  its 


Fig.  28. 


name  indicates,  consists  of  one  main  stay  attached  to 
the  stay  rod  or  stub  and  two  branches,  as  also  shown 
in  Fig.  27. 

A  more  satisfactory  but  costlier  method  is  to  em- 
ploy two  entirely  distinct  stays  and  rods  or  stubs  as 
the  case  may  be,  as  shown  in  Fig.  29,  as  the  tension 
of  both  stays  can  be  separately  regulated,  and  the 
force  that  can  be  exerted  against  the  stress  of  the 
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wires  on  the  pole  is  practically  double  that  of   the 
single  stay  with  the  two  branches. 

Yet  another  method  often  employed  is  that  illus- 
trated in  Fig.  30,  which  saves  the  use  of  a  second  stay 
rod  or  stub,  both  stays  being  separately  attached  to 


Fig.  30. 

the  one  rod,  but  a  swivel  should  be  inserted  in  one  of 
them,  by  means  of  which  the  stress  can  be  correctly 
adjusted.  When  this  method  of  double  staying  is 
employed  a  rod  |  of  an  inch  in  diameter  should  be 
used,  and  f  stay  wire  will  generally  meet  all  ordinary 
requirements ;  on  exceptionally  heavy  routes  |  stays 
should  be  used  instead. 

Line  stays  should  be  fixed  to  all  poles  on  either  side 
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of  any  road  where  the  line  wires  cross  over.  These 
stays  should  be  placed  directly  in  the  same  line  as 
the  wires,  on  the  road  side  of  the  poles,  so  that  the 
least  possible  stress  is  placed  upon  the  span  of  line 
wires  crossing  the  road.  On  heavy  routes  similar 
stays  should  be  attached  to  poles  on  both  sides,  at 


Fig.  81. 

intervals  of  not  less  than  \  of  a  mile  apart,  or  as  near 
thereto  as  local  conditions  will  permit. 

These  fore-and-aft  or  line  stays,  as  they  are  com- 
monly termed,  should  be  attached  to  the  same  points 
on  the  poles,  viz.  midway  between  the  top  and  bottom 
arms,  and  have  an  equal  spread  at  the  ground  ends 
(Fig.  31). 
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Fig.  32. 

A  method  of  line  staying  frequently  adopted  in 
America  is  to  run  these  stays  from  the  head  of  one 
pole  to  a  point  about  12  feet  above  the  ground  line 
of  the  next  pole,  this  plan  being  followed  for  three  or 
four  poles  in  succession,  and  then  reversed,  as  shown 
in  Fig.  32. 


Fig.  33. 
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Double  side  stays  (Fig.  33)  add  materially  to  the 
stability  of  a  heavy  route,  and  ought  always  to  be 
employed  wherever  practicable,  particularly  in  ex- 
posed positions,  even  though  the  route  is  a  perfectly 
straight  one  ;  indeed,  under  such  a  condition  they  are 
often  more  necessary  than  under  any  other. 


Fig.  34. 

Where  circumstances  will  not  permit  of  the  neces- 
sary spread  being  obtained  for  a  stay  it  may  some- 
times be  effectively  employed  by  anchoring  the  stay 
rod  close  to  the  pole  and  using  an  outrigger  in  the 
manner  depicted  in  Fig.  34. 
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CHAPTER  V. 

ARMING   WOOD   POLES. 


IN  the  early  days  of  telephony,  when  wires  were  few, 
the  common  method  adopted  of  supporting  them  on 
wood  poles  was  by  means  of  galvanized  iron  brackets 
nailed  on  to  the  sides  after  the  manner  illustrated  in 
Fig.  35. 


Fig.  35. 

This  form  of  construction  has,  however,  long  been 
relegated  to  the  limbo  of  the  past  by  most  telephone 
administrations,  and  arms  made  either  of  wood  or 
iron  are  now  almost  universally  employed  instead. 
One  or  two  exceptions  to  this  rule,  however,  still 
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exist,  notably  in  France  and  Belgium,  where  in 
many  places  brackets  on  ground  poles  and  also  on 
roof  standards  are  a  good  deal  in  evidence  even  on 
important  trunk  routes,  such  as  those  between  Paris 
and  London  and  Paris  and  Brussels.  On  these  routes 
brackets  are  used  to  facilitate  the  revolving  of  the 
wires  in  the  manner  illustrated  in  Figs.  36  and  37. 


Fig.  36. 


Fig.  37. 


The  carrying  capacity  of  the  poles  where  this 
method  of  construction  is  employed  is  of  course  very 
small ;  and  as  the  twisting  of  the  wires  can  be  more 
easily  effected  by  the  use  of  arms,  there  is  no  good 
reason  for  resorting  to  this  eccentric  method  of  carry- 
ing out  the  work,  and  it  is  certainly  not  one  to  be 
recommended.  In  France  also  it  is  still  a  common 
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practice  to  use  brackets  on  poles,  even  where  there 
are  a  considerable  number  of  wires  to  be  carried,  and 
poles  so  fitted  are  extensively  employed  in  suburban 
and  rural  districts. 

Wood  arms  are  almost  universally  used  ^by  both 
American  and  British  telephone  administrations  with 
wood  poles,  but  on  the  continent  a  number  of  tele- 
phone administrations  employ  iron  arms,  particularly 
on  poles  erected  within  city  boundaries,  it  being  con- 
sidered that  they  have  a  neater  appearance  than  wood 
arms,  and  are  more  durable. 

Wood  arms  before  being  put  into  use  should  be 
painted  with  at  least  two  coats  of  metallic  paint ;  lead 
or  red  coloured  paint  is  generally  used  for  this  pur- 
pose. The  arms  employed  by  British  and  continental 
telephone  administrations  are  usually  made  out  of 
English  or  American  oak  of  large  size,  which  should 
be  thoroughly  well  seasoned  before  being  cut,  and  be 
free  from  all  shakes,  knots,  splits,  or  sapwood,  and 
have  a  straight  grain. 

Branch  wood  or  timber  containing  the  centre  pith 
of  the  tree  ought  not  to  be  employed.  The  arms 
should  be  cut  to  the  exact  dimensions  which  may  be 
specified.  All  the  necessary  holes  for  insulator  bolts 
or  pins,  and  for  arming  and  combiner  bolts,  should  be 
carefully  and  accurately  drilled  in  them  to  the  exact 
sizes,  and  at  the  distances  apart  which  may  be  re- 
quired, and  the  edges  chamfered  for  a  width  of  half 
an  inch. 

In  America  arms  are  generally  made  out  of  sawn 


52  TELEPHONE  LINES.  [CHAP. 

yellow  pine  instead  of  oak.  The  standard  length  of 
arm  used  is  10  feet  in  length  and  has  a  cross  section 
measuring  4J  inches  by  3^  inches.  They  are  bored 
for  10  insulator  pins  each,  and  are  fitted  on  the  poles 
about  13  inches  apart.  The  insulator  pin  holes  are 
drilled  16  inches  apart  at  the  centre  of  the  arm  and 
12  inches  apart  at  the  sides.  A  lighter  make  of  ten- 
hole  arm  is  also  employed,  which  is  a  little  shorter 
than  the  one  described,  having  a  cross  section  of  3-J 
inches  by  2-f-  inches.  The  pin  holes  at  the  centre  are 
bored  16  inches  apart  as  in  the  heavier  make,  but 
those  at  the  sides  are  only  10  inches  from  each  other. 


Fig.  38. 

Shorter  arms  having  holes  bored  for  from  2  to  10 
insulator  pins  are  also  occasionally  used  on  small 
branch  routes.  The  cross  section  of  these  shorter 
arms  is  the  same  as  that  of  the  longer  ones,  and  the 
pin  holes  are  drilled  the  same  distance  apart  also,  as 
shown  in  Fig.  38. 

One  method  of  fastening  arms  to  poles  which  is 
extensively  employed  in  America  is  by  means  of  two 
or  three  long  screws  commonly  termed  lag  screws,  a 
slot  being  first  cut  in  the  pole  into  which  the  arm 
must  accurately  fit. 

The  lag  screws  pass  nearly  through  the  pole,  and 
the  threads  upon  them  are  so  cut  as  to  allow  of  their 
being  driven  part  of  the  way  in  by  a  hammer. 
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The  practice  of  fastening  an  arm  on  by  means  of  a 
bolt  taken  right  through  the  pole  and  securing  it  by 
means  of  a  nut  and  washer  at  either  end,  which  is  the 
method  generally  adopted  in  Great  Britain  and  on  the 
continent,  is,  however,  gradually  superseding  the  use 
of  lag  screws  for  this  purpose  in  America  also. 

The  method  of  fastening  arms  on  to  poles  which  is 
in  vogue  in  Holland  is  depicted  in  Fig.  39. 

The  slots — or  gains  as  they  are  called  in  America — 
should  be  very  carefully  cut  to  a  depth  not  exceeding 
1J  inches,  and  the  arm  bolt  holes  very  accurately 


a  c 
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Fig.  39. 

bored  and  centred.  The  slots  should  also  be  well 
coated  with  Stockholm  tar  or  white  lead  before  the 
arms  are  fitted  into  them.  The  work  of  cutting  slots 
and  fitting  arms  should  be  carried  out  before  the  poles 
are  erected,  as  it  can  be  done  with  much  greater  ease 
and  accuracy  than  would  be  the  case  if  the  poles  were 
standing  on  end. 

Short  poles  can  be  easily  erected  with  the  arms 
fitted  to  them,  but  arms  fitted  to  long  poles  should  be 
unbolted  arid  taken  off  before  the  pole  is  raised,  as 
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Fig.  40. 
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they  add  very  materially  to  the  head  weight.  By  so 
doing  less  labour  will  be  necessary  in  order  to  raise 
them  than  would  otherwise  be  the  case.  One  arm 
should  be  left  on  the  pole  to  act  as  a  guide  in  setting 
them  all  in  the  proper  direction. 

In  order  to  stiffen  and  support  long  wood  arms  and. 
prevent  them  from  warping,  iron  braces  or  combiners 
are  usually  employed. 

The  American  form  of  brace  consists  of  a  flat  iron 
bar  from  20  to  30  inches  in  length,  having  a  cross 
section  of  1J  by  J  of  an  inch,  and  it  is  fixed  to  the 
arm  and  pole  by  means  of  coach  screws  in  the  manner 
shown  in  Fig.  40. 

The  wood  arms  used  by  British  telephone  adminis- 
trations vary  in  length  from  2  to  14  feet.  For  local 
use  the  insulator  bolt  holes  are  drilled  at  a  distance  of 
18  inches  apart  at  the  centre  and  9  inches  at  the  sides. 
On  arms  used  for  carrying  trunk  lines  the  insulator 
bolt  holes  are  drilled  12  inches  apart  at  the  sides. 


Fig.  41. 


Fig.  42. 

The  sizes  of  arms  most  often  used  are  provided  with 
4, 8, 12  and  16  insulator  bolt  holes  respectively  ;  those 
having  4  and  8  holes  being  fitted  on  single  poles,  and 
with  12  orv!6  holes  on  double  or  H  poles.  For  ter- 
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minating  purposes  the  cross  section  of  these  arms  is 
larger  than  for  arms  intended  for  ordinary  use  only 
by  from  a  quarter  to  half  an  inch.  Two  sizes  of  oak 
arms  are  illustrated  in  Figs  41  and  42,  while  in  the 
annexed  table  will  be  found  the  dimensions  of  these 
and  a  number  of  similar  arms  occasionally  used  :• — 

TABLE  OF  OAK  ARMS. 
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Fig.  43. 


Galvanized  iron  combiners  (Fig.  43)  are  used  with 
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all  arms  carrying  eight  or  more  wires,  and  they  are 
fixed  to  them  by  means  of  small  bolts,  as  in  Fig.  44. 

They  should  be  fitted  imme- 
diately the  arms  have  been  per- 
manently bolted  on  to  the  pole. 

Arms  on  terminal  poles  should 
always  be  fixed  to  that  side  of 
the  pole  which  is  farthest  from 
the  wires,  so  that  they  are  pulled 
against  the  pole  itself  and  not 
against  the  head  of  the  pole  bolt 
(Fig.  44A). 

Another  method  of  arming  a 
terminal  pole  is  to  fit  one  either  side  as  in  Fig.  45. 


Fig.  44A. 
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When  this  plan  is  adopted  three  arming  bolts  should 
be  used,  one  being  passed  through  the  two  arms  and 
pole  at  the  centre,  and  the  other  two  through  holes 


Fig.  45. 

specially  drilled  for  the  purpose  in  the  arms,  on  either 
side  and  near  to  their  ends,  and  blocks  of  wood  sand- 
wiched between  them,  as  shown  in  sketch. 

Where  several  wires  strike  off  at  a  right  angle  from 
a  main  route  the  pole  should  be   cross-armed  as  in 


Fig.  46. 

Fig.  46,  or  where  a  small  number  only  branch  off  the 

method  illustrated  in  Fig.  46A  is  a  good  one  to  adopt. 

At  the  same  time  that  arms  are  being  fitted  to  a 
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pole  its  top  should  be  cut,  or  peaked  as  it  is  usually 
termed,  in  the  manner  shown  in  Fig.  47,  and  be  pro- 


Fig.  46A. 

tected  from  the  sun  and  rain  by  means  of  a  roof  made 
of  G  I  nailed  on  to  it,  shaped  as  depicted  in  Fig.  48. 


Fig.  47. 


Fig.  48. 
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Where  long  poles  are  erected  in  conspicuous  places 
some  description  of  ornamental  nnial  is  to  be  preferred 
to  the  use  of  roofs,  as  they  add  considerably  to  their 
appearance. 

A  common  type  of  fiiiial  made  of 
wood,  which  should  be  thoroughly 
well  seasoned,  is  illustrated  in  Fig.  49. 
With  this  fmial  a  collar  is  used  which 
overlaps  the  top  of  the  pole. 

The  protection  of  the  tops  of  wood 
poles  by  means  of  finials  or  roofs  is 
not  a  universal  practice.  In  America 
and  also  on  the  continent  they  are  not 
as  a  rule  employed,  being  considered 
an  unnecessary  expense ;  the  tops  of 
poles  are  peaked  only  for  the  sake  of 
appearance,  but  are  not  protected  from 
the  weather  in  any  way. 

Before  a  wood  pole  is  erected  it  is  the 
practice,  in  Great  Britain,  to  attach 
an  earth  wire  to  it,  but  there  is  great 
diversity  of  opinion  as  to  its  utility. 
American  and  continental  engineers  do 
not  as  a  rule  use  earth  wires  on  every 
pole,  and  some  do  not  employ  them 
at  all.  The  function  of  the  earth  wire  is  to  act  as  a 
lightning  conductor,  and  to  prevent  leakage  between 
contiguous  wires.  It  should  consist  of  a  stout  galvanized 
iron  wire;  No.  8  S  "W  G  is  usually  employed  for  this 
purpose.  It  should  be  neatly  stapled  down  the  side 


Fig.  49. 
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of  the  pole  and  the  end  formed  into  a  small  coil  and 
buried  under  its  butt,  and  the  top  end  ought  to  project 
about  3  inches  above  the  roof.  In  some  instances  it  is 
the  practice  to  take  the  earth  wire  along  the  arms,  but 
this  is  not  to  be  recommended,  as  unless  the  "  earth  " 
is  a  very  good  one — which  is  by  no  means  always  the 
case,  particularly  where  poles  are  erected  in  very  hard 
dry  ground — it  defeats  the  very  object  it  is  intended 
to  serve  by  offering  a  ready  path 
for  leak  currents  to  traverse  be- 
tween wire  and  wire.  Trouble 
likely  to  arise  from  this  cause 
will  be  further  accentuated  if  the 
earth  wire  is  attached  to  the  in- 
sulator bolts,  which  is  sometimes 
the  practice.  In  Great  Britain 
an  earth  wire  is  fixed  to  every 
pole,  but  in  America  about  every 
sixth  pole  only  is  earth  wired. 

Another  accessory  to  a  ground 
pole,  and  with  which  all  long 
poles  should  be  provided,  is  a  set  of  climbing  steps. 
These  are  usually  made  of  galvanized  iron  after 
the  pattern  shown  in  Fig.  50.  They  should  be  fixed 
on  either  side  of  the  pole  at  a  distance  of  about 
2  feet  apart,  by  means  of  coach  screws.  The  lowest 
step  ought  not  to  be  less  than  9  feet  from  the  ground. 
On  the  continent  it  is  in  some  cases  the  custom  to 
rivet  the  steps  to  a  long  strip  of  iron,  which  is  then 
screwed  or  bolted  to  the  pole.  As  already  stated,  iron 
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instead  of  wood  arms  are  extensively  used  on  wood 
poles  by  some  of  the  most  up-to-date  telephone  adminis- 
trations on  the  continent,  and  they  are  undoubtedly 
much  less  unsightly  than  wood  arms,  and  their  employ- 


Fig.  51.  Fig.  52. 

ment  makes  it  possible  to  add  some  degree  of  embellish- 
ment to  a  pole  by  making  them  of  an  ornamental 
character.  If  only  for  this  reason  alone  their  use  is 
therefore  to  be  recommended  on  poles  erected  in  con- 
spicuous places,  particularly  within  city  boundaries. 
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Fig.  51  illustrates  a  common  method  adopted  of 
arming  wood  poles  in  Switzerland.  These  arms  are 
made  out  of  T  iron,  in  the  form  of  a  frame  fastened 
to  the  pole  by  means  of  screws  or  bolts. 

An  extremely  neat  pattern  of  iron  arm  is  that  illus- 
trated in  Fig.  52,  which  is  extensively  used  in  Vienna 
and  other  Austrian  cities. 


/        \ 


Fig.  53.  Fig.  54. 

Angle  iron  arms  on  wooden  ground  poles  are  much 
in  evidence  in  Norway  and  Sweden.  Fig.  53  illustrates 
this  type  of  arm  fitted  to  an  H  pole,  and  Fig.  54  a 
single  pole  fitted  with  arms  of  the  same  description. 
As  will  be^noticed,  these  arms  are  also  made  up  into 
the  form  of  a  frame  after  the  Swiss  method. 
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CHAPTER   VI. 

ROOF    STANDARDS. 

AT  one  time  roof  standards  of  oak,  pitch  pine,  or  other 
suitable  timber  were  extensively  employed  in  all 
countries  for  carrying  telephone  wires  over  buildings 
(Fig.  54 A).  They  were  usually  fixed  to  main  roof 
timbers,  to  which  they  were  securely  bolted,  and 
standards  of  this  kind  are  still  used  in  some  places. 
Wrought  iron  or  steel  in  one  form  or  another  is  now 
the  material  almost  universally  employed  for  making 
all  kinds  of  roof  fixtures  to  be  used  for  supporting 
telephone  wires,  and  many  of  these  structures  are 
excellently  designed  and  very  artistic  in  appearance. 
This  is  particularly  the  case  with  regard  to  some  of 
the  roof  standards  and  exchange  derricks  erected  by 
certain  continental  telephone  administrations,  notably 
those  of  Belgium  and  Sweden.  In  designing  a  struc- 
ture of  this  kind  the  nature,  direction  and  strength 
of  the  various  forces  to  which  it  may  be  subjected, 
should  be  most  carefully  considered  in  all  their  bear- 
ings, and  the  physical  properties,  fitness,  and  reliability 
of  the  material  intended  to  be  used  ascertained,  and 
the  most  effective  means  to  be  employed  of  using 
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Fig.  54A. 
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them,  in  order  to  insure  the  greatest  possible  stability 
under  all  conditions  of  wind  and  weather. 

Structures  of  this  description  will  be  subject  to 
at  least  three  kinds  of  stress,  each  requiring  special 
means  to  be  adopted  to  neutralize  it.  First,  there 
will  be  stress  due  to  the  tension  of  the  wires  which 
they  are  intended  to  carry ;  secondly,  stress  caused  by 
pressure  of  the  wind  upon,  both  the  wires  and  struc- 
tures themselves  ;  and  thirdly,  the  crushing  strain 
or  compression  due  to  their  weight. 

Too  little  attention  has  as  a  rule  been  paid  in  the 
past  by  those  responsible  for  the  erection  of  many 
roof  standards  to  a  careful  consideration  of  these  most 
important  factors,  and  this  neglect  has  only  too 
frequently  resulted  in  serious  breakdowns  and  loss 
of  life,  or  serious  injury  to  workmen. 

Whenever  practicable  iron  or  steel  standards  should 
be  erected  upon  main  or  substantial  party  walls  of 
buildings,  or  equally  solid  foundation,  in  preference 
to  roof  ridges  or  timbers.  They  should  not  be  carried 
through  a  roof  except  under  exceptional  circumstances, 
as  the  chance  of  trouble  arising  owing  to  water  leaking 
under  the  roof  where  the  standards  enter  is  consider- 
able, unless  very  great  care  is  exercised  to  see  that 
they  are  efficiently  flashed  round  with  lead  at  the 
point  where  they  enter. 

The -usual  method  of  bedding  a  tubular  iron  or  steel 
standard  is  to  stand  it  in  a  cast-iron  shoe  or  chair,  as 
it  is  sometimes  called.  These  chairs  should  them- 
selves be  bedded  on  two  or  three  layers  of  stout 
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roofing  felt.     A  pattern  of  pole  chair  in  common  use 
is  illustrated  in  Fig.  55. 

Where  it  is  impracticable  to  obtain  any  other 
position  or  better  foundation  for  a  standard  to  rest 
upon  than  a  roof  ridge,  one  of  the  half-round  type  of 
shoe  should  be  used,  and  in  addition  to  placing  two 
or  three  layers  of  felt  under  it,  between  them  should 
also  be  sandwiched  a  sheet  of  five-pound  lead.  In 
cases  where  no  suitable  foundation  of  any  kind  upon 
which  to  erect  a  standard  is  available,  a  very  sub- 


Fig.  55. 

stantial  one  may  often  be  obtained  by  using  girders 
or  beams  of  wood,  wrought  iron,  or  steel,  having  their 
ends  supported  on  the  main  walls  or  substantial  party 
walls  of  the  building  where  they  are  employed.  Great 
care  should  always  be  exercised  to  see  that  the  ends 
of  the  girders  are  securely  fixed,  and  that  they  are 
of  sufficient  strength  to  carry  the  weight  they  are 
intended  to  support,  and  a  fair  margin  over  and  above 
it.  The  ends  should  rest  upon  templates  of  York  or 
other  suitable  stone  securely  fixed  in  position. 

One  of  the  best  methods  of  securing  the  lower  end 
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of  a  tubular  iron  or  steel  standard  to  an  iron  or  steel 
girder  is  by  means  of  a  clip  after  the  pattern  illus- 
trated in  Figs.  56  and  56A. 

Considerable  difference  of  opinion  exists  among 
telephone  engineers  as  to  what  shape  or  form  of  iron 
or  steel  is  the  best  to  use  in  the  construction  of  a 
roof  standard  or  derrick,  and  much  diversity  of  prac- 
tice consequently  prevails. 

British  and  American  telephone  companies  usually 


Fig.  56. 


Fig.  56.4. 


employ  tubular  iron  or  steel  standards  of  various  sizes, 
and  channel  iron  arms.  In  Great  Britain  they  are 
supported  by  means  of  wire  stays,  and  in  America 
by  iron  braces  and  strutts,  no  wire  stays  as  a  rule 
being  employed. 

On  the  continent  a  few  telephone  administrations 
have  adopted  the  tubular  form  of  standard  also,  but 
the  most  common  practice  is  to  use  T  or  channel 
iron  or  steel  both  for  standards  and  arms.  Many  of 
the  continental  standards  are  supported  by  iron  strutts 
and  braces,  wire  stays  being  dispensed  with  altogether 
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as  in  America.  On  the  one  hand  it  is  contended 
by  those  administrations  rising  the  tubular  form  of 
standard  that  they  are  cheaper,  lighter,  and  more 
easily  handled  and  transported  than  any  other  kind, 
while  at  the  same  time  they  are  sufficiently  strong 
to  meet  all  practical  requirements.  On  the  other  hand 
it  is  contended  that  this  form  of  standard  is  liable  to 
suddenly  collapse  under  a  heavy  stress,  whereas  stan- 
dards made  in  a  solid  form  would  not  do  so,  but  only 
bend,  and  if  they  did  so  could  easily  be  straightened 
again. 

Whatever  form  of  iron  or  steel  is  employed  it 
should  be  of  the  best  possible  quality,  free  from  scale, 
chilling,  blisters,  cracks,  or  flaws  of  any  other  de- 
scription. It  should  be  capable  of  withstanding  a 
tensile  stress  of  at  least  twenty  tons  to  the  square 
inch  of  section,  and  have  an  elasticity  of  at  least  eight 
per  cent.  Iron  or  steel  tubes  should  be  of  uniform 
thickness  and  perfectly  straight  and  true  longi- 
tudinally and  cylindrical  in  form,  and  be  lap  welded. 
They  should  be  dipped  while  hot  in  boiled  linseed  oil. 
Fig.  57  illustrates  a  common  type  of  roof  standard 
used  in  Belgium,  and  Fig.  58  is  a  plan  showing  the 
method  in  which  it  is  cross  braced  and  strutted. 

It  is  constructed  of  bar  and  angle  iron  riveted 
together,  the  uprights  being  bolted  to  an  iron  base 
plate  made  to  fit  the  shape  of  the  roof.  Wire  stays 
are  dispensed  with  entirely,  reliance  being  placed 
upon  the  braces  and  strutts  alone,  these  latter  being 
fixed  at  widely  spreading  angles. 
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The  whole  forms  a  very  substantial  structure,  which 
is  surmounted  by  a  galvanized  iron  finial  of  artistic 
design,  which  adds  very  materially  to  its  appearance. 

Fig.  59  shows  the  manner  in  which  the  handsome 
octagonal  tower  on  the  roof  of  the  telephone  and 


Fig.  57.  Fig.  58. 

telegraph  office  at  Luvain  has  been  utilized  for  tele- 
phonic purposes. 

The  same  type  of  roof  standard  is  generally  em- 
ployed both  in  Holland  and  Germany.  It  consists 
of  one  or  more  tubes  of  wrought  iron  or  steel  with 
arms  made  of  two  flat  iron  bars  riveted  together. 
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There  is  however  a  very  marked  difference  in  the 
manner  in  which  they  are  erected  in  the  respective 
countries.    In  Holland  they  are  invariably  well  braced 
and  stayed,  but  in  Germany  it  is  not  an  uncommon 
thing  to  find  standards  carrying   as  many  even  as 
two  hundred  wires  without  stays  or  strutts  of  any 
kind  whatever,  reliance  being  placed  upon  the  wires 
attached  to  them  only,  to  hold  them  in  an  upright 
position.      A    more    unsatisfactory   method    of    con- 
struction than  this  it  would  be  difficult  to  parallel  in 
any  other  country  in  the  world,  and  the  example  set 
in   this   respect  by   German   telephone   engineers   is 
certainly  not  one  to  be  followed.     Yet  another  un- 
satisfactory feature  of  the  German  method  of   con- 
struction is  the  practice  invariably  adopted  of  sup- 
porting the  lower  ends  of  the  standards  by  bolting 
them  to  the  roof  timbers  of  buildings,  necessitating 
their  being  taken  through  the  roofs  instead  of  stand- 
ing them  in  chairs  on  some  solid  foundation,  perpetual 
vibration   resulting   as   a   consequence.      An   almost 
equally  unsatisfactory  method  of  construction  is  that 
adopted  in  connexion  with  the  structures  fixed  to  the 
towers  of  some  of  the  principal  exchange  buildings 
to  which  they  are  rigidly  affixed  without  any  sup- 
porting strutts  or  stays.     Constant  and  serious  vibra- 
tion  is   thus   communicated   to   the    whole   of   these 
buildings,  and   an   unequal   stress   is   put   upon    the 
various   sides    of    the    towers    themselves.      Fig.    60 
illustrates  a  structure  of  this  kind,  which  is  typical 
of  others,  and  which,  though  objectionable  from  the 
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Fig.  60. 
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point  of  view  mentioned,  is  nevertheless  by  no  means 
lacking  in  neatness  of  design. 
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Fig.  61. 

An  ordinary  German  type  of  roof  standard  is  illus- 
trated in  Fig.  61. 

Roof  standards  in 
Switzerland  are  usually 
constructed  in  a  very  sub- 
stantial manner,  and  are 
invariably  well  stayed 
and  otherwise  supported. 
The  uprights  consist  of 
two  lengths  of  channel 
iron  bolted  together  and 
firmly  secured  at  the 
lower  ends  to  the  main 
roof  timbers  of  the  build- 
ings upon  which  they  are 
erected.  The  arms  are 
made  of  T-shaped  iron, 
and  they  are  combined 
together  near  the  ends  by 
Fig.  62.  combiners  of  channel  iron 


vr.]  POOF  STANDARDS.  75 

of  small  size  fixed  vertically,  which  end  in  brackets 
attached  to  the  uprights,  as  shown  in  Fig.  62. 

Double  channel  steel  is  usually  employed  for  the 
uprights  of  roof  standards  in  Sweden,  and  also  in 
Norway,  and  single  channel  steel  arms  and  all  such 
structures  are  invariably  well  stayed,  and  some  of 
them  are  also  strutted  after  the  Belgian  method.  The 
practice  of  carrying  the  lower  ends  of  the  uprights 
through  the  roofs  is  generally  followed,  and  the  ends 
are  securely  riveted  or  bolted  to  iron  or  steel  foot 
plates  made  to  fit  the  shape  of  that  portion  of  the 
roof  to  which  they  are  fixed  ;  the  uprights  are  also 
bolted  to  the  rafters. 

At  the  Brunkeberg  Central  Exchange  of  the 
General  Telephone  Company  at  Stockholm  has  been 
erected  about  the  largest  and  certainly  the  hand- 
somest structure  for  carrying  telephone  wires  in  the 
world.  This  tower,  which  is  illustrated  in  Fig.  63, 
is  built  of  Bessemer  Steel,  and  is  supported  on  pillars 
built  up  from  the  ground  specially  for  the  purpose. 
Its  height  is  no  less  than  75  feet  above  the  roof  of  the 
exchange  building,  and  it  cost  £3,258  to  erect. 

The  uprights  of  many  French  roof  standards  con- 
sist of  two  lengths  of  channel  iron  bolted  together. 
The  wires  are  supported  on  brackets  instead  of  arms ; 
their  carrying  capacity  is  consequently  very  small. 
These  standards  rarely  exceed  a  height  of  more  than 
14  or  15  feet,  and  they  are  usually  bolted  to  the  rafters 
of  a  building  or  to  the  chimney  stack  or  gable  end. 
Such  a  structure  of  H  form  is  illustrated  in  Fig.  64. 
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The  two  uprights  are  tied  together  by  iron  bars. 
Stays  are  sometimes  but  not  always  employed,  but 
where  used  they  are  usually  fixed 
with  judgment  and  due  regard  to 
their    efficiently    performing  the 
work  they  are  intended  to  do. 

The  type  of  roof  standard  em- 
ployed by  the  National  Telephone 
Company,  Limited,  of  Great 
Britain,  is  of  the  telescopic  tubu- 
lar form,  the  tubes  used  being  of 
various  diameters  and  lengths, 
made  of  wrought  iron.  The  arms 
used  consist  of  two  lengths  of 
channel  iron  bolted  together 
similar  to  those  employed  in 
Sweden  and  Norway.  All  such 
standards  are  well  stayed  by  means  of  wire  stays 
fastened  to  the  main  walls  of  the  buildings  on  which 
they  are  erected  or  to  the  main  roof  timbers  or  large 
chimney  stacks. 

Cross  braces  or  strutts  are  seldom  used  except  on 
very  large  structures,  and  the  uprights  are  only 
carried  through  the  roofs  of  buildings  under  ex- 
ceptional circumstances ;  but  whether  taken  through 
or  not  the  practice  is  almost  invariably  followed  of 
standing  the  ends  in  iron  shoes  resting  on  some  solid 
and  substantial  foundation.  Bolting  to  rafters  or  other 
parts  of  buildings  is  a  method  of  construction  which 
is  not  countenanced  or  adopted,  except  when  local 


Fig.  64. 
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conditions  make  it  quite  unavoidable.  Where  a  small 
number  of  wires  only  are  to  be  supported  single  tubes 
from  15  to  18  feet  in  length  are  employed,  having  an 
outside  diameter  of  3^-  or  4  inches. 

For  general  use  two  tubes  telescoped  for  a 
distance  of  2  feet  into  each  other  are  usually 
employed,  the  lower  tube  having  an  outside 
diameter  of  4  inches  and  the  upper  one  3^- 
inches.  Two  holes  are  bored  in  either  tube 
through  which  bolts  of  1  inch  diameter  are 
passed  to  fasten  them  together  as  shown  in 
Fig.  65. 

Standards  to  a  length  of  34  feet  are  also 
employed  made  up  of  an  8  feet  length  of  4^ 
inch  tube  and  two  15  foot  length  tubes,  one 
being  4  inches  and  the  other  3-|-  inches  in 
diameter.  A  still  longer  standard  is  occasion- 
ally used,  made  up  in  a  similar  manner  with 
the  same  sized  tubes,  to  a  total  height  of  41 
feet,  the  lower  one  being  15  feet  instead  of  8 
feet  in  length. 

These  tubes  are  made  out  of  soft  pig  iron 
-£%  of  an  inch  thick,  and  the  weight  per  foot 
run    of    the    various    sizes    employed    is    as 
Fig.  65.    follows  : — 

Outside  diameter.       Weight  per  foot. 

3  5|  Ibs. 

4  7*  „ 
4*                      8J-   „ 

The  channel  iron  arms  used  are  of  various  lengths 
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to  suit  one,  two,  or  three  pole  structures.  The  lengths 
most  often  employed  are  provided  with  holes  for  4,  8, 
12  and  18  insulator  bolts  respectively  to  correspond 
with  the  carrying  capacity  of  the  wood  arms  used  by 
the  same  company  on  their  wood  ground  poles,  the 
distance  between  the  holes  being  also  identical  (Fig. 
65  A). 


Fig.  65A. 
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Fig.  65A. 

The  eight  hole  channel  arm  is  usually  made  for  use 
with  H  standards;  a  similar  size  of  arm  for  single 
standards  is  however  occasionally  employed.  Arms 
having  more  than  four  holes  are  stiffened  by  means 
of  G  I  combiners  similar  to  those  used  with  wood 
arms,  which  are  fastened  by  means  of  bolts  passed 
through  holes  near  the  ends  of  the  arms  specially 
bored  in  them  for  the  purpose  as  depicted  in 
Fig.  66.  A  similar  arm  ex- 
actly is  used  for  terminating 
purposes,  only  a  little  larger 
in  section. 

Figs.  67  and  68  are  illustra- 
tions   of    a    very   large    cen-  Fig.  66. 
tral  exchange  derrick  erected  in  Lime  Street,  London, 
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Fig.  68. 
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constructed  with  the  material  described,  supported  on 
girders  and  having  carrying  capacity  for  no  less  than 
20,000  wires,  which  fairly  represents  the  general  type 
of  such  structures  employed  by  the  National  Tele- 
phone Company,  while  Fig.  69  shows  a  common  type 
of  H  standard  fitted  with  arms  for  carrying  12  insula- 
tors each. 


Fig.  69. 

Stays  for  roof  standards  are  usually  made  of  -f  G  I 
wire,  the  same  as  used  for  stays  for  wood  poles,  or 
seven  No.  11s.  Single  spliced  poles  should  not  as  a 
rule  be  provided  with  less  than  eight  stays,  four  of 
these  being  fixed  at  the  head  of  the  standard  and 
four  at  the  splice.  More  than  this  number  will  often 
be  required  on  a  standard  carrying  a  large  number 
of  wires,  or  where  there  is  an  unequal  stress  to  be 
counteracted  on  any  one  of  its  various  sides. 

The  method  usually  employed   of   attaching  stays 
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to  a  standard  is  the  same  as  in  the  case  of  wood  poles 
as  already  described. 

The  lower  ends  of  stays  are  made  off  in  various 
ways  according  to  circumstances. 

A  screw  connexion  or  swivel  of  some  reliable  kind 
should  be  inserted  in  all  stays  to  regulate  their  ten- 
sion, after  the  pattern  shown  in  Fig.  70,  which  is 
typical  of  the  pattern  of  swivel  commonly  employed. 


Fig.  70. 

Stays  should  wherever  possible  be  securely  attached 
to  the  main  walls  of  a  building  either  by  means  of 
eye  spikes  driven  into  them,  as  in  Fig.  71,  or  fastened 
to  wall  plates  secured  to  the  walls  by  nails  or  bolts,  as 
in  Fig.  72. 
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Fig.  72. 
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Stays  should  always  be  so  fixed  that  they  will  not 
be  likely  to  pull  over  parapet  walls,  copings,  or  other 
weak  parts  of  a  building.  Wood  blocks  should  be 
fixed  under  them  where  necessary,  to  prevent  their 
pulling  against  gutters,  coping  stones,  etc.  They 
ought  never  to  be  directly  attached  to  chimney  stacks 
by  means  of  spikes  or  wall  plates,  but  a  wire  band 
should  be  taken  right  round  the  stack  and  the  screw 
connexion  tailed  on  to  an  eye  in  its  end,  the  corners 


Fig.  73. 

of  the  stack  being  protected  by  means  of  angle  plates 
as  shown  in  Fig.  73. 

None  but  large  and  substantial  chimneys  should  be 
used  for  staying  purposes,  and  they  ought  not  to  be 
used  at  all  except  when  other  means  are  not  available. 

Sometimes  it  will  be  found  necessary  to  attach  stays 
to  the  rafters  or  other  roof  timbers  of  a  building,  and 
where  this  is  the  case,  the  greatest  care  should  be 
taken  to  so  fix  them  that  water  will  not  leak  through 
the  roof.  To  insure  immunity  from  this  trouble  a 
combined  swivel  hook  and  bolt  is  often  employed  as 


vi.]  ROOF  STANDARDS,  85 

shown  in  Fig.  74,  which  answers  the  purpose  it  is 
intended  to  serve  admirably. 

Under  the  collar  of  the  hook  an  indiarubber  washer 


Fig.  74. 

is  fitted,  and  a  piece  of  sheet  lead  fixed  in  place  of  a 
displaced  slate,  through  which  the  bolt  is  passed  and 
securely  fastened  to  the  rafter  by  means  of  a  nut. 
The  hole  in* the  lead  is  then  filled  in  tight  with  white 
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lead.  The  screws  of  all  connexions  or  swivels  should 
always  be  well  coated  with  a  mixture  of  white  lead 
and  tallow  to  preserve  them  from  oxidation,  and  at 
the  junction  of  a  standard  with  its  iron  shoe  a  caulk- 


^^Cl        0^^ 


Fig.  75. 

ing   of  the  same  material  should  also  be  employed. 

A  minor  but  nevertheless  very  important  matter  in 

connexion  with  the  erection  of  standards  and  other 

roof  fixings,    and  in  running  the  wires  attached  to 
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them,  is  to  take  every  possible  care  to  avoid  breaking 
slates,  tiles,  copings,  etc.,  by  using  suitable  roof  lad- 
ders, particularly  on  roofs  where  there  is  likely  to  be 
constant  traffic.  All  workmen  working  on  or  about 
roofs  should  be  provided  with  rubber-soled  boots  or 
shoes,  as  it  is  almost  impossible  for  them  to  walk  over 
a  slated  or  tiled  roof  wearing  their  ordinary  heavy 
boots  without  damaging  them  ;  rubber  slippers  are 
also  far  safer  for  them  to  work  in,  as  they  insure  a 
firmer  foothold  being  obtained.  Inattention  to  these 
matters  frequently  results  in  heavy  sums  having  to 
be  paid  for  repairs  often  far  exceeding  in  amount 
the  cost  of  the  work  over  which  this  expense  was 
incurred. 

Where  a  small  number  of  wires  only  have  to  be 
run  over  housetops,  it  is  a  common  practice  to  support 
them  on  brackets  or  spikes  driven  in  or  nailed  on  to 
walls,  chimney  stacks,  or  other  convenient  places.  In 
some  continental  cities,  in  France  and  Italy  particu- 
larly, a  large  proportion  of  the  overhead  wires  are 
carried  on  brackets,  some  of  them  being  of  very  artis- 
tic design,  a  typical  example  of  which  is  illustrated 


Fig.  76. 

in   Fig.  75,  in  comparison  with  which  the  style  of 
bracket  shown  in  Fig.   76,  which  is  that  generally 
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employed  by  British  telephone  administrations,  is 
commonplace  in  the  extreme  and  wholly  lacking  in 
artistic  merit. 

Great  care  should  always  be  taken  not  to  attach 
brackets  to  weak  parts  of  a  building.  They  should 
be  so  fixed  that  when  the  wires  are  fixed  to  them 
they  will  be  pulled  against  that  part  of  the  structure 
to  which  they  are  attached  and  not  from  it. 
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INSULATORS. 


THAT  the  primary  and  all-important  function  of  an 
"insulator"  is  to  insulate,  and  that  to  insulate  is  to 
isolate,  is  a  fact  which  does  not  appear  to  have  been 
fully  understood  or  appreciated  by  many  telephone 
engineers  in  days  gone  by,  or  at  least  gave  them 


little  concern,  if  one  is  to  judge  from  the  wholly 
inadequate^  and  inefficient  means  which  they  adopted 
m  order  to  insulate  their  wires,  in  the  shape  of  knobs, 
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wheels,  cones,  rubber  hooks,  and  similar  devices  (Fig. 
77),  and  more  particularly  the  double  shackle  which 
was  at  one  time  most  extensively  employed. 

The  Bright's  shackle,  or  rather  an  inferior  copy  of 
it  (Fig.  78),  was  universally  used  by  all  the  telephone 
companies  exploiting  the  various  portions  of  the 
British  Isles  for  many  years,  and  its  use  was  only 
finally  abandoned,  in  some  cases  very  reluctantly, 
when  the  absolute  necessity  for  a  higher  degree  of 
insulation  than  was  obtainable  by  its  use  was  impera- 
tive, consequent  upon  the  establishment  of  long  trunk 


Fig.  78. 

lines,  and  the  substitution  of  metallic  for  single  or 
earth  line  circuits. 

So  long  as  the  length  of  line  to  be  spoken  over  was 
small,  a  very  high  standard  of  insulation  was  not 
absolutely  necessary  in  order  to  obtain  a  certain 
degree  of  efficiency  with  an  earth  circuit  telephone 
line ;  indeed,  such  a  line  will  often  work  better  if 
there  is  a  certain  amount  of  leakage  of  current  to 
earth  from  it  than  it  would  if  perfectly  insulated, 
providing  the  leakage  is  uniform  in  extent  through- 
out its  whole  length.  This  is  exemplified  by  the  fact 
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that  speech  over  such  a  circuit  is  often  much  clearer 
on  a  wet  day  than  on  a  fine  and  dry  one. 

Earth  circuits  have  now  however  been  almost 
entirely  superseded  by  metallic  circuits,  and  the 
speaking  limit  is  not  confined  within  the  area  of  city 
boundaries,  but  has  extended  to  many  hundreds  of 
miles.  This  result  has  been  brought  about  not  owing 
to  any  great  improvement  in  the  instruments  used, 
for  they  are  practically  still  the  same  as  those  first 
employed,  but  to  the  much  greater  electrical  efficiency 
of  the  lines,  due  very  largely  to  their  more  perfect 
insulation.  Such  results  could  not  possibly  have  been 
achieved  by  the  use  of  the  shackle,  the  principal  and 
only  merit  of  which  lies  in  its  mechanical  strength ; 
as  an  insulator  it  is  little  better  than  useless. 

Mechanical  strength  is  a  very  necessary  and  im- 
portant quality  to  have  in  a  good  insulator,  but  it 
should  be  combined  with  lightness  of  weight,  and, 
above  all,  the  highest  degree  of  efficiency,  as  a  means 
of  preventing  the  escape  of  current  from  a  line  wire 
to  earth  or  to  another  contiguous  wire.  These  two 
latter  qualities  are  certainly  not  possessed  by  the 
Bright 's  shackle.  It  was  therefore  discarded  in  favour 
of  insulators  of  the  upright  form,  which  at  once 
resulted  in  an  enormous  increase  in  the  electrical 
efficiency  of  the  lines  wherever  used,  and  decrease  in 
the  weight  of  the  material. 

One  of  the  first  insulators  specially  designed  to 
meet  the  necessities  of  the  case  was  that  introduced 
by  Mr.  W.  T.  Langdon,  the  Superintendent  of  Tele- 
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graphs  for  the  Midland  Railway  Company,  and  very 
many  thousands  of  this  pattern  of  insulator  have  been 
used  by  telephone  administrations  in  all  parts  of  the 
world  with  excellent  results,  and  it  still  remains  one 
of  the  best  of  its  kind  obtainable.  This  form  of  insu- 
lator, which  is  commonly  known  as  a  "  Langdon,"  is 
illustrated  in  Figs.  79  and  79A. 


Fig.  79. 


Fig.  79A. 


About  the  same  time  Mr.  A.  R.  Bennett,  now  con- 
sulting telephone  engineer  to  the  Glasgow  and  several 
other  Corporations,  designed  the  insulator  bearing  his 
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name,  illustrated  in  Figs.  80  and  8t)A,  which  has  also 
been  very  extensively  used,  particularly  in  Scotland. 


Fig.-80.  Fig.  80A. 

This  insulator,  it  will  be  observed,  is  of  corrugated 
form,  having  four  grooves  provided  for  various  sizes 
of  wire.  Experience  has  proved  that  not  only  are  the 
insulating  qualities  of  this  insulator  of  a  high  order, 
but,  owing  to  its  peculiar  shape,  it  possesses  the  virtue 
of  being  much  less  easily  broken  by  stone  throwing 
than  insulators  of  the  more  ordinary  smooth-faced 
type.  This  is  undoubtedly  a  most  desirable  quality 
for  an  insulator  to  possess,  as  it  involves  a  very  great 
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saving  in  the  cost  of  replacing  broken  ones,  and  what 
this  means,  in  country  districts  particularly,  can  only 
be  fully  appreciated  by  those  who  have  had  practical 
experience  of  the  enormous  destruction  and  consequent 
loss  caused  in  this  way. 

While  this  form  of  insulator  has  the  virtues  already 
ascribed  to  it,  it  has  at  the  same  time  one  great  dis- 
advantage which  somewhat  discounts  them.  Its 
many  grooves  are  a  standing  and  open  temptation  to 
the  average  lineman  to  save  himself  trouble  by  at- 
taching more  than  one  line  to  a  single  insulator ; 
indeed,  the  writer  has  himself  not  infrequently  seen  a 
separate  line  fixed  in  each  groove  of  one  of  this  type 
of  insulator. 

The  same  drawback  applies  also  to  the  Langdon 
insulator,  but  in  a  less  degree,  as  it  only  has  three 
grooves.  The  effect  of  this,  particularly  in  damp 
weather,  is  of  course  obvious,  and  it  is  therefore  quite 
unnecessary  to  dwell  upon  the  matter.  Insulators 
have  been  made  of  all  kinds  of  material :  wood,  glass, 
ebonite,  earthenware,  porcelain,  etc.  It  is  now  how- 
ever generally  agreed  that  porcelain  is  superior  to 
any  other  description,  and  it  is  therefore  of  this 
material  that  all  the  best  insulators  are  now  made. 
Well-glazed  earthenware  is  also  much  used,  as  not 
only  are  its  insulating  qualities  high,  but  its  colour 
renders  it  less  liable  to  breakage  by  stone  throwing, 
owing  to  its  not  being  so  conspicuous  a  target  as  an 
insulator  made  of  a  white  substance  like  porcelain. 

The  quality  that  is  most  required  in  the  material 
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employed  for  making  insulators  is,  that  it  shall  not 
be  capable  of  absorbing  moisture.  Leakage  of  current 
does  not  take  place  through  the  body  of  an  insulator, 
but  over  its  surface,  through  the  medium  of  any 
moisture  that  may  settle  upon  it.  A  substance  which 
is  capable  of  taking  a  high  degree  of  polish  is  there- 
fore best  suited  for  the  purpose,  providing  of  course  it 
is  also  in  itself  a  non-conductor,  and  this  quality  is 
possessed  by  porcelain  to  a  higher  degree  than  by  any 
other  material. 

The  great  advantage  obtainable  by  the  use  of  an 
upright  insulator  is  that  it  contains  a  practically  dry 
inner  surface,  even  in  the  wettest  weather,  and  the 
larger  the  area  of  this  dry  inner  surface  can  be  made 
between  the  groove  on  the  outside  in  which  the  wire 
to  be  carried  by  it  will  lay,  and  the  insulator  bolt,  the 
more  efficient  will  the  insulator  be.  In  order  to 
achieve  this  object,  various  forms  of  insulator  have 
been  designed,  consisting  of  two  or  more  inverted 
cups,  one  fitting  over  the  other,  a  large  area  of  dry 
surface  being  thus  obtained,  offering  an  exceedingly 
high  resistance  to  the  passage  of  any  current  from  a 
line  wire  attached  to  such  an  insulator,  to  earth, 
through  the  bolt  and  pole.  Insulators  of  this  kind 
were  first  made  all  in  one  piece,  and  one  of  the  best 
of  this  type  is  that  known  as  the  "  Cordeaux,"  shown 
in  Figs.  81  and  82,  which  has  been  very  extensively 
used,  particularly  for  the  purpose  of  insulating  long 
trunk  lines  in  Great  Britain. 

Insulators  of  this  type  are  technically  known  as 
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"double  shed,"  in  contradistinction  to  those  composed 
of   one  inverted  cup   only,  such   as   the    "  Bennett," 


Tig.  81.  Fig.  82. 

which  are  termed  "  single  shed."  On  looking  at  the 
sketch  of  the  last  mentioned  form  of  insulator,  it  will 
be  observed  that  the  iron  bolt  upon  which  it  is  carried 
is  cemented  into  the  cup,  whereas  in  the  "Cordeaux  " 
it  is  screwed  in,  which  is  a  great  advantage,  as  the 
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insulator  can  be  taken  off  the  bolt  and  the  inside  of 
the  cups  easily  cleaned,  or  should  the  cup  get  broken, 
there  is  no  necessity  for  the  bolt  to  be  renewed  also, 
which  would  be  necessary  in  the  case  of  those  having 
fixed  bolts. 

Various  methods  are  adopted  in  order  to  test  the 
quality  of  different  types  of  insulators  or  a  number  of 
the  same  kind.  The  one  most  commonly  employed  is 
as  follows  : — The  insulator  cups  to  be  tested  are  placed 
in  suitable  racks  fitted  inside  a  lead-lined  trough, 
which  ;s  filled  with  acidulated  water,  with  which  the 
insulator  cups  are  also  filled,  parafiin  wax  or  some 
similar  substance  being  smeared  round  their  edges,  to 
prevent  the  water  in  them  coming  in  contact  with 
that  in  the  trough.  In  this  state  they  are  left  for 
about  twenty-four  hours,  in  order  that  they  may 
receive  a  thorough  soaking. 

The  lead  lining  of  the  trough  is  then  connected  to 
one  pole  of  a  powerful  electric  battery  having  its 


Fig.  83. 

other  pole  joined  to  a  reflecting  galvanometer,  the 
second  terminal  of  which  is  connected  by  a  flexible 
wire  to  a  metal  rod  provided  with  an  insulated  handle, 
as  depicted  in  Fig.  83. 
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The  rod  is  dipped  into  each  separate  cup,  and  if  the 
galvanometer  needle  is  not  deflected  when  this  is  done, 
or  is  not  deflected  beyond  a  certain  point  of  known 
value  on  its  scale,  the  cup  under  test  is  considered  as 
satisfactory,  or  if  otherwise  rejected  as  unfit  for  use. 

Insulators  made  either  of  porcelain  or  glazed 
earthenware  are  universally  employed  by  all  British 
and  European  telephone  administrations ;  but  the 
general  practice  in  the  United  States  is  to  use  glass 
for  the  purpose,  although  it  is  far  inferior  to  porce- 
lain as  an  insulating  medium,  as  moisture  adheres 
more  readily  to  it,  and  being  very  brittle  it  is  more 
easily  broken.  Its  one  great  recommendation  appears 
to  be  that  insulators  made  of  it  do  not  harbour  insects 
as  much  as  would  insulators  made  of  a  substance 
through  which  the  sun's  rays  would  not  penetrate;  and 
in  a  climate  such  as  that  of  America,  which  is  semi- 
tropical  for  a  large  part  of  the  year,  this  is  an  impor- 
tant consideration. 

Two  forms  of   insulator   are   usually  employed  in 


Fig.  84.  Fig.  85. 

America    made    of    moulded  glass,   one  being  of  the 
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single  shed  type,  and  the  other  of  the  double  shed  or 
"double  petticoat,"  as  the  Americans  term  it.  The 
small  single  shed  is  commonly  known  as  a  "  Pony  " 
insulator,  and  it  is  used  for  all  ordinary  purposes,  and 
the  double  petticoat  form  for  terminating  (Figs.  84 
and  85). 

Not  only  does  American  practice  differ  from  that  in 
vogue  in  Europe  so  far  as  the  material  of  which  the 
insulators  employed  are  made  is  concerned,  but  it  also 
differs  in  that  wooden  pins  1J  inches  in  diameter  are 
generally  used  instead  of  iron  bolts  to  carry  the  in- 
sulators, as  they  are  considered  to  be  stronger,  and 
will  not  bend  when  a  heavy  stress  is  placed  upon 
them,  as  iron  bolts  will  sometimes  do.  These  insu- 
lator pins  are  usually  made  of  split  oak,  locust,  or 
cocus  wood,  the  latter  being  preferred,  as  it  is  stronger 
than  oak,  but  more  expensive.  These  pins  are  painted 
and  nailed  into  the  arm  holes  with  wire  nails. 

One  disadvantage  arising  from  the  use  of  the  insu- 
lators of  an  upright  form,  and  which  often  requires 
special  means  to  be  taken  in  order  to  counteract  it,  is 
that  when  an  excessive  stress  is  placed  upon  one  side 
of  them  they  are  apt,  when  an  ordinary  straight  bolt 
is  used,  to  either  bend  over  or  twist  the  arm. 

In  order  to  meet  this  difficulty  various  devices  have 
been  employed,  such  as  using  bolts  with  large  shoul- 
ders bedding  on  the  arm,  or  an  iron  washer  under  the 
shoulders  ;  but  by  far  the  most  effective  -method,  and 
the  one  now  generally  adopted,  is  to  use  bolts  of  J 
form  after  the  patterns  illustrated  in  Fig.  86. 
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This  pattern  is  universally  used  in  Great  Britain 
for  terminating  purposes,  and  also  largely  on  the 
continent,  and  has  been  found  very  effective. 


*'  I 


Fig.  86. 

In  America  the  method  adopted  to  counteract  the 
stress  on  insulator  pins  is  shown  in  Fig.  87,  in  which 
it  will  be  seen  that  the  pole  is  double  armed.  The 
line  wire  is  first  wrapped  round  an  insulator  on  the 
arm  nearest  to  it,  and  then  taken  to  another  insulator 
on  the  back  arm,  round  which  it  is  made  off  in  the 
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usual  way.  The  back  insulator  and  pin  thus  act  as 
an  anchor  for  staying  the  one  to  which  the  line  wire 
is  first  attached  on  the  front  arm. 

French  and  Italian  insulators  are  usually  made 
with  earpieces  (Fig.  88),  the  object  these  serve  being 
to  prevent  a  wire  falling  should  it  break  loose  from  its 
binding. 

For  leading  wires  into  buildings  several  special 
forms  of  insulator  have  been  devised;  one  of  these, 


Fig.  87. 


commonly  known  as  a  •'  spur  "  insulator,  is  illustrated 
in  Fig.  89. 

It  consists  simply  of  an  ordinary  double  shed  insu- 
lator with  a  side  piece  attached,  in  which  there  is  a 
groove,  and  round  this  a  wire  dropped  from  a  roof 
can  be  easily  made  off  without  the  risk  of  dragging 
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the  insulator  out  of  an  upright  position.  Another 
pattern  of  the  same  type  of  leading  in  insulator  much 
used  on  the  continent  is  shown  in  Fig.  90. 


Fig.  89. 


Fig.  90. 


Yet  another  form  of  leading  in  insulator  is  that 
shown  in  Figs.  91  and  9lA.  In  this  type  the  special 
object  aimed  at  is  to  prevent  surface  leakage  by  keep- 
ing that  part  of  the  covered  leading  in  wire  nearest 
the  insulator  in  a  perfectly  dry  state.  This  object  is 
attained  by  making  the  insulator  in  three  separate 
parts,  viz.  the  bolt,  and  inner  and  outer  cups.  The 
inner  cup  is  screwed  on  to  the  bolt  and  the  outer  cup 
on  to  the  inner  one.  At  the  top  of  the  inner  cup  and 
down  its  sides  a  groove  is  provided,  in  which  the 
covered  leading  in  wire  is  laid  before  the  outer  cup  is 
screwed  on,  thus  keeping  it  perfectly  dry,  and  pre- 
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venting  the  escape  of  current  from  the  open  line  wire 
to  earth,  through  the  medium  of  a  wet  covered  lead 


Fig.  91. 


Fig.  9U. 


laying  on  a,  damp  wall  or  other  place  connected  with 
the  earth.  The  lead  should  not  touch  the  cups  at  any 
other  point  but  at  the  groove  on  the  inner  one. 

Most  of  the  types  of  insulators  already  described 
were  devised  for  the  purpose  of  carrying  a  much 
heavier  class  of  wire  than  that  now  generally  em- 
ployed for  short  local  lines,  but  the  use  of  very  light 
overhead  wire  makes  it  unnecessary  to  employ  such 
heavy  types  of  insulator.  As  the  size  of  the  wire 
used  has  decreased,  experience  has  proved  that  the 
insulator  suitable  for  use  with  it  may  be  decreased  in 
size  correspondingly  also,  without  injuring  to  any  ap- 
preciable extent  the  electrical  efficiency  of  the  circuit 
on  which  such  smaller  insulators  are  employed. 

Double  shed  insulators  of  small  size  are  now  there- 
fore generally  used  by  all  telephone  administrations 
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employing  a  small  gauge  of  line  wire  for  local  circuits, 
similar  in  size  and  pattern  to  that  illustrated  in  Figs. 
92  and  92A,  which  is  known  as  the  "  Sinclair,"  and  is 


Fig.  92.  Fig.  92A. 

the  standard  type  used  by  the  National  Telephone 
Company  for  insulating  all  local  exchange  and  private 
lines. 
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The  weight  of  this  insulator  and  bolt  is  only  1  Ib. 
12  oz.,  while  the  Cordeaux  insulator  and  bolt  weighs 
2  Ib.  6  oz.,  and  the  original  Bennett  2  Ib.  10  oz. 
This  large  reduction  in  weight  makes  it  possible  to 
employ  lighter  supports  in  many  cases  than  would 
otherwise  be  safe,  which  is  a  very  considerable  advan- 
tage where  supports  have  to  be  fixed  on  very  lightly 
made  roofs  particularly.  A  much  smaller  size  of 
Bennett  Insulator  is  now  also  being  made  which  is 
well  suited  for  use  with  small  gauge  wire.  Jt  is  pro- 
vided with  a  screw  instead  of  a  fixed  bolt,  which  is  a 
great  improvement  on  the  original  form.  Small  in- 
sulators also  have  a  much  neater  and  less  obtrusive 
appearance  than  those  of  large  size,  and  not  the  least 
important  advantage  they  possess  is  that  they  are 
considerably  cheaper.  Figs.  93,  93A,  and  93s  illus- 
trate various  standard  patterns  of  insulators  employed 
by  continental  and  colonial  governments. 
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ITALIAN.  CANADIAN. 

Fig.  93. 
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TURKISH. 


GERMAN. 


.NORWEGIAN. 


AUSTRIAN. 


Fig.  93A. 
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CHAPTER  VIII. 

TELEPHONE    LINE    WIRE. 

THE  most  important  qualities  that  should  be  possessed 
by  wire  intended  to  be  used  for  overhead  telephone 
or  telegraph  circuits  are  low  electrostatic  capacity, 
high  conductivity,  durability,  and  tensile  strength. 
Of  these  qualities  a  high  degree  of  conductivity  or 
low  resistance  is  by  far  the  most  important,  and  it 
is  possessed  to  the  greatest  extent  by  pure  copper. 
Owing  to  its  lack  of  tensile  strength  or  power  of 
resisting  any  stress  that  telephone  wires  might  be 
subjected  to,  it  was  found  to  be  impracticable  in  the 
early  days  of  telephony  to  use  this  metal  to  any  great 
extent  for  overhead  telephone  circuits.  The  great 
cost  of  copper  was  also  another  reason  for  its  non- 
employment,  the  result  being  that  wire  made  of  iron 
or  steel  was  universally  used  by  all  telephone  adminis- 
trations instead.  The  most  common  sizes  of  wire  em- 
ployed corresponded  to  what  are  now  known  as  Nos. 
11,  12  and  16,  standard  wire  gauge,  or  S  W  G,  Nos. 
11  and  12  being  used  respectively  as  single  wires,  but 
in  the  case  of  No.  16  three  wires  were  usually  twisted 
together.  Iron  and  steel  wires  possess  great  tensile 
strength,  but  their  conductivity  as  compared  with 
copper  is^  low,  copper  being  about  seven  times  more 
efficient  in  this  respect.  The  durability  of  iron  wire 
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compares  also  very  unfavourably  with  that  of  copper, 
the  average  life  of  an  iron  wire  being  under  ordinary 
conditions  about  seven  years.  It  is  greatly  affected 
by  atmospheric  influences,  even  when  well  galvanized, 
which  it  always  ought  to  be.  Where  galvanized  iron 
wires  run  through  certain  manufacturing  districts, 
over  railway  yards,  or  over  chimneys,  they  will  often 
very  rapidly  deteriorate  owing  to  chemical  action, 
and  will  sometimes  completely  parish  owing  to  this 
cause  in  less  than  twelve  months. 

Iron  wire  used  for  telephonic  and  telegraphic  pur- 
poses is  generally  made  out  of  soft  iron  of  the  quality 
known  as  "  best  best,"  and  the  process  of  manufac- 
turing it  is  carried  out  in  the  following  manner  :— 

The  pig  iron  is  first  puddled  in  a  furnace,  and  the 
resulting  mass  hammered  into  a  compact  and  uniform 
shape,  which  is  then  made  to  pass  over  a  number  of 
rollers,  from  which  process  it  emerges  in  the  shape  of 
a  short  bar.  The  bar  is  then  placed  in  what  is  known 
as  a  Rolling  Mill,  which  consists  of  a  number  of 
grooved  rollers  fixed  in  pairs,  one  of  each  pair  being 
alternately  in  a  horizontal  and  vertical  position.  The 
grooves  in  these  rollers  gradually  diminish  in  size,  so 
that  as  the  iron  bar  passes  successively  over  them  its 
length  is  increased  and  diameter  correspondingly 
diminished,  the  speed  at  which  the  rollers  are  re- 
volved being  regulated  in  order  to  correspond  with 
the  increased  length  of  the  bar  as  it  proceeds  through 
the  mill.  After  being  elongated  in  this  way  it  is 
forcibly  pulled  through  a  number  of  steel  dies  having 
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holes  slightly  less  in  diameter  than  the  bar  which  is 
to  be  lengthened  by  being  pulled  through  them.  The 
holes  in  these  dies  gradually  diminish  in  size,  so  that 
the  bar  is  by  degrees  lengthened  out  until  it  has  been 
drawn  out  to  the  desired  size  and  becomes  a  wire. 
The  wire  thus  manufactured  is  then  galvanized, 
which  process  consists  of  coating  it  with  zinc  to 
preserve  it  from  the  deleterious  effects  which  would 
speedily  result  when  exposed  to  the  atmosphere, 
unless  some  such  method  of  protection  is  employed, 
as  iron  rapidly  oxidizes  unless  so  treated. 

The  process  of  galvanizing  is  generally  carried  out 
as  follows  : — 

The  wire  is  first  laid  in  a  bath  of  dilute  sulphuric 
acid,  which  cleanses  it  from  all  impurities  ;  it  is  then 
thoroughly  washed  in  order  that  none  of  the  acid 
may  adhere  to  it,  and  by  means  of  rollers  successively 
passed  through  a  hot  chamber,  a  bath  of  hydrochloric 
acid,  and  a  vessel  containing  molten  zinc,  which  ad- 
heres thickly  to  it ;  and  is  finally  drawn  through  a 
mass  of  sand,  which  scrapas  all  the  superfluous  zinc 
off  it,  leaving  the  wire  clean  and  smooth  ready  for 
testing. 

Line  wire  is  usually  subjected  to  similar  tests  to 
that  applied  in  the  case  of  stay  wire  as  already  de- 
scribed in  a  previous  chapter,  in  addition  to  which  it 
is  tested  for  conductivity. 

Different  sizes  of  wire  are  generally  compared  by 
measuring  their  relative  diameters,  each  size  being 
known  by  a  certain  number. 
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At  one  time  British  wire  manufacturers  employed 
several  different  gauges  for  measuring  wire,  but  this 
was  found  to  be  so  inconvenient  and  unsatisfactory 
that  the  Board  of  Trade  eventually  instituted  a 
standard  wire  gauge  in  order  to  simplify  matters.  In 
America,  however,  several  different  standards  are  still 
used. 

The  British  "  standard  wire  gauge"  conforms  al- 
most exactly  to  what  is  known  as  the  "  Birmingham 
wire  gauge  "  up  to  size  30,  after  which  the  gradations 
of  the  standard  wire  gauge  become  gradually  smaller 
than  those  of  the  Birmingham. 

Numerous  descriptions  of  instruments  have  been 
devised  for  the  purpose  of  measuring  wire,  by  means 
of  which  any  size  of  wire  can  be  readily  measured, 
by  some  of  them,  even  to  the  one-millionth  part  of  an 
inch  in  diameter.  The  measurement  of  such  small 
sizes  of  wire  or  other  material  is,  however,  seldom  re- 
quired to  be  made,  except  in  the  laboratory. 


FIG.  94.  Fig.  95. 

For  all  practical  purposes  the  small  gauge  illustrated 
in  Fig.  94,  known  as  a  "  Micrometer,"  will  be  found  one 
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of  the  most  useful  and  convenient  to  employ.  By  its 
means  any  gauge  of  wire  can  be  readily  measured 
from  the  one-thousandth  part  to  one  inch  in  diameter. 
It  consists  of  a  thumbscrew  working  on  a  shaft 
attached  to  a  yoke  of  tempered  steel.  This  shaft  is 
divided  into  tenths  of  an  inch,  and  each  tenth  is  again 
divided  into  four.  The  thumb  screw  has  forty  threads 
on  it  to  one  inch  of  its  length,  so  that  by  giving  it 
one  complete  turn  in  a  backward  direction  an  opening 
of  one-fortieth  of  an  inch  is  made  between  the  end  of 
the  shaft  and  the  anvil  against  which  it  butts  when 
fully  extended.  The  screw  carries  a  collar,  the  inner 
end  of  which  is  divided  into  twenty-five  equal  parts, 
and  a  turn  of  the  screw  through  one  of  these  divisions 
will  make  an  opening  between  the  end  of  the  shaft 
and  the  anvil  of  one-twenty-fifth  of  one-fortieth  of  an 
inch,  or  one  mil  (10100  of  an  inch).  To  measure  a  wire, 
it  is  held  lightly  between  the  end  of  the  shaft  and 
anvil.  Assuming  for  example  that  the  space  it  occu- 
pies results  in  the  exposure  of  one  division  on  the 
shaft  and  the  turning  of  the  collar  through  twenty  of 
its  divisions,  the  diameter  of  the  wire  would  be  45  mils, 
the  one  division  on  the  shaft  equalling  "025  mils  and 
the  twenty  divisions  on  the  collar  '020  mils.  A  com- 
plete turn  of  the  shaft  collar  is  equal  to  one  division 
on  the  shaft. 

Another  very  convenient  and  inexpensive  form  of 
gauge  is  that  shown  in  Fig.  95,  which  consists  simply 
of  a  disc  of  steel  round  the  edge  of  which  a  number 
of  notches*  are  cut  of  various  sizes,  corresponding  to 
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the  standard  wire  gauge.  To  ascertain  what  size  a 
wire  is,  it  is  only  necessary  to  discover  which  notch 
it  will  accurately  fit. 

In  America  another  standard  is  very  generally  em- 
ployed called  the  "  Ohm  Mile,"  and  this  standard  is 
gradually  coming  into  use  also  in  Great  Britain.  The 
Ohm  Mile  is  a  cylindrical  wire  of  pure  copper  exactly 
1  mile  long,  weighing  891 '5  lb.,  the  resistance  of 
which  is  exactly  1  ohm  at  a  temperature  of  60  degrees 
Fahrenheit. 

The  Ohm  Mile  of  iron  wire  weighs  theoretically 
3,996  lb.,  but  impurities  in  the  iron  considerably 
affect  its  conductivity,  and  make  this  seldom  if  ever 
attainable  in  actual  practice  under  4,520  lb.  weight. 

Although  it  was  at  first  found  impracticable  to  use 
copper  overhead  wires  for  telephonic  circuits,  such 
is  not  now  the  case.  Certain  improvements  in  the 
method  of  manufacture  have  been  effected  which  have 
made  it  possible  for  copper  wire  to  be  made  of  suffi- 
cient tensile  strength  to  meet  all  practical  require- 
ments. Copper  wire  of  this  kind  is  technically  known 
as  "  hard  drawn,"  and  it  will  stand  a  stress  of  as  much 
as  many  of  the  best  grades  of  iron  wire  of  any  equal 
size.  Notwithstanding  its  greater  cost,  hard  drawn 
copper  wire  and  wire  made  of  capper  alloyed  with 
some  other  metal  has  therefore  of  recent  years  almost 
entirely  superseded  wire  made  of  iron  for  use  as  tele- 
phone lines,  iron  wire  being  now  used  only  as  a  rule 
for  stays  and  earth  wires. 

Not  only  is  copper  wire  as  now  made  equal  in  ten- 
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sile  strength  to  iron  wire,  but  its  conductivity  is  so 
very  much  greater  that  a  considerably  smaller  gauge 
of  wire  can  be  used  for  a  given  length  of  line,  a  great 
reduction  in  the  weight  to  be  carried  by  the  supports 
being  thus  effected,  and  lighter  supports  can  be  used 
than  would  otherwise  be  necessary. 

Another  very  important  advantage  which  copper 
wire  possesses  over  iron  or  steel  wire  is  that  it  is  very 
much  more  durable,  for  it  is  practically  unaffected  by 
atmospheric  influences,  and  consequently,  although  its 
first  cost  is  very  much  higher  than  that  of  iron  wire, 
it  is  in  the  long  run  the  cheapest  wire  to  use. 

Yet  one  more  important  advantage  which  copper 
wire  possesses  over  iron  is  that  its  electrostatic  capa- 
city is  much  lower  for  wire  of  the  same  resistance,  as 
the  capacity  varies  directly  with  the  diameter  of  the 
wire  ;  the  larger  a  wire  is  therefore  in  cross  section, 
the  greater  will  its  capacity  be.  The^  electro-mag- 
netic inertia  of  an  iron  wire  is  also  a  factor  which  seri- 
ously militates  against  its  use  if  of  any  great  length, 
whereas  copper  wire  is  practically  unaffected  by  this 
cause. 

The  electrostatic  capacity  of  a  wire  is  the  power  it 
possesses  of  storing  up  a  charge  of  electricity.  Every 
aerial  telephone  line  may  be  compared  to  an  elongated 
Leyden  jar  or  condenser,  the  wire  itself  representing 
one  coating,  the  earth  the  other,  the  intervening 
air  being  the  insulating  media.  The  static  capacity 
of  a  wire  tends  to  oppose  or  retard  the  passage  of 
currents  passing  over  the  line  from  either  end,  which 
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are  being  employed  for  the  purpose  of  transmitting  a 
telegraphic  or  telephonic  message. 

Every  overhead  line  contains  or  retains  a  certain 
quantity  of  static  electricity,  but  at  the  time  when 
telephonic  communication  was  little  more  than  inter- 
urban  in  extent  the  capacity  of  the  lines  was  of  no 
importance,  as  on  such  short  lengths  of  wire  it  does 
not  appreciably  affect  the  efficiency  of  the  circuits. 
The  case  is  however  far  different  with  long  lines, 
such  as  trunk  lines  connecting  one  city  with  another, 
situated  many  miles  apart,  when  the  electrostatic 
capacity  becomes  a  most  important  factor  which  de- 
termines to  a  very  large  extent  the  ultimate  limit  of 
speech  over  a  telephone  wire. 

The  longer  a  telephone  line  is  and  the  larger  it  is  in 
size  the  greater  will  its  capacity  be,  conforming  to  the 
rule  that  the  larger  a  vessel  is  the  more  will  it  hold ; 
consequently  it  is  very  necessary  that  the  size  of  a 
long  distance  telephone  line  should  be  kept  as  small 
as  possible,  .consistent  with  its  having  a  high  degree 
of  conductivity. 

When  a  current  of  electricity  is  sent  over  a  wire, 
not  only  is  it  retarded  by  any  static  charge  which  the 
wire  may  contain,  but  in  its  passage  it  sets  up  a  mag- 
netic field,  the  lines  of  force  of  which  set  up  a  secon- 
dary current  which  checks  or  chokes  to  a  certain 
extent  the  free  passage  of  the  primary  current. 

This  choking  effect  or  self  induction  is  known  as 
the  electro-magnetic  inertia  of  a  line,  and  it  manifests 
itself  to  a  very  much  greater  extent  on  lines  made  of 
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iron  than  those  of  coppsr ;  indeed,  in  the  case  of  the 
latter  it  is  so  slight  as  to  have  little  if  any  detri- 
mental effect  upon  the  working  of  a  circuit,  and  need 
not  consequently  be  taken  into  account. 

In  addition  to  the  speaking  current  sent  over  a  line 
being  retarded  owing  to  these  causes,  there  are  cer- 
tain other  disturbing  elements  which  more  or  less 
seriously  affect  the  transmission  of  speech  over  tele- 
phone wires,  particularly  in  the  case  of  single  or 
earth  circuits. 

These  disturbing  noises  are  only  too  familiar  to  all 
persons  in  the  habit  of  speaking  over  a  telephone 
wire  if  it  is  an  earth  circuit,  in  some  instances  re- 
sembling the  sound  made  by  boiling  water  or  the 
twittering  of  innumerable  birds,  and  the  voices  of 
other  persons  than  those  speaking  over  the  line  can 
also  often  be  distinctly  heard. 

Some  of  these  disturbing  noises  are  due  to  induced 
currents  from  neighbouring  telephone,  telegraph,  or 
electric  power  or  light  wires  running  parallel  with 
the  wire  being  spoken  over,  or  to  earth  currents,  and 
to  microphonic  action  due  to  loose  joints  in  the  line 
or  instrument  circuit.  Earth  currents  are  induced  in 
a  wire  when  it  is  set  into  rapid  vibratory  motion  by 
wind  ;  particularly  is  this  usually  the  case  when  the 
line  is  running  in  a  direction  from  due  north  to 
south,  as  in  this  position  it  cuts  the  earth's  magnetic 
lines  of  force,  as  every  wire  lies  in  the  earth's  mag- 
netic field.  Iron  wires  are  more  affected  in  this  way 
than  copper,  as  iron  is  capable  of  magnetization. 
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All  material  substances  offer  a  more  or  less  efficient 
means  of  conducting  an  electric  current  from  one 
point  to  another,  but  this  power  is  so  very  small  in 
some  substances  that  for  all  practical  purposes  they 
are  useless  as  conductors  but  act  very  efficiently  as 
insulating  mediums. 

All  metals  are  good  conductors,  and  copper  is  parti- 
cularly efficient  in  this  respect.  The  relative  value  of 
one  substance  as  compared  with  another  as  a  conduc- 
tor is  measured  by  the  degree  of  resistance  it  offers 
to  the  passage  of  an  electric  current  compared  with  a 
certain  known  resistance  of  standard  value. 

The  standard  unit  of  resistance  is  termed  an  "  Ohm," 
and  it  is  so  called  after  the  German  scientist  of  that 
name,  who  determined  mathematically  the  law  which 
regulates  the  flow  of  an  electric  current  from  one 
point  to  another.  For  the  sake  of  brevity  it  is  usually 
symbolized  by  the  Greek  letter  to.  The  resistance  of 
a  wire  is  generally  reckoned  in  ohms  per  mile.  In  a 
good  conductor  the  resistance  rises  with  an  increase 
in  its  temperature,  but  in  a  bad  conductor  the  reverse 
is  the  case.  The  resistance  offered  by  a  telephone  or 
telegraph  wire  to  the  passage  of  an  electric  current, 
if  it  is  of  a  uniform  size  and  substance,  is  directly  pro- 
portional to  its  length  and  inversely  proportional  to 
the  area  of  its  cross  section,  or  in  other  words,  the 
shorter  a  line  is  and  the  larger  its  cross  section  the 
lower  will  its  resistance  be,  while  on  the  other  hand, 
the  longer  it  is  and  the  smaller  in  cross  section  it  be- 
comes the  greater  will  its  resistance  be. 
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An  ohm  represents  the  resistance  of  a  column  of 
mercury  106-25  centimetres  in  length  by  one  square 
millimetre  in  cross  section,  the  temperature  of  which 
is  at  zero,  centigrade. 

It  is  also  represented  by  certain  lengths  of  various 
sizes  of  wire,  as,  for  example,  by  1,530  yards  of  copper 
wire,  weighing  800  Ib.  to  the  mile  and  242  mils  in 
diameter ;  or  by  2*74  yards  of  copper  wire  of  No.  34 
SWG,  which  has  a  diameter  of  9'2  mils,  at  a  tempera- 
ture of  60  degrees  Fahrenheit. 

The  measurement  of  very  high  resistances  such  as 
that  offered  by  material  used  as  insulating  media 
is  usually  reckoned  in  megohms,  a  "  megohm  "  being 
one  million  ohms. 

Copper  and  other  wire,  of  which  this  metal  forms 
the  principal  part,  is  manufactured  in  very  much  the 
same  manner  as  is  wire  made  of  iron,  as  already 
described,  with  the  exception  of  course  that  it  is  not 
galvanized,  and  it  is  usually  subjected  to  similar  tests 
before  being  put  into  use.  The  elongation  of  this 
class  of  wire  should  not  exceed  from  one  and  a  half  to 
two  per  cent,  of  its  length  when  subjected  to  the  test 
for  tensile  strength.  It  should  stand  wrapping  round 
its  own  diameter  six  times,  unwinding  and  again 
wrapping  on  six  times  more,  without  breaking,  as  a 
test  of  its  ductility. 

Line  wire  should  be  made  up  in  coils  of  certain 
fixed  weight,  and  this  weight  and  also  the  standard 
size  of  the  wire  should  be  plainly  marked  on  a  metal 
tablet  affixed  to  each  separate  coil.  Other  particulars 
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which  should  be  furnished  by  suppliers  are  the  weight 
per  mile,  the  resistance  per  mile  in  ohms,  the  diameter 
in  mils,  and  the  breaking  strain,  which  should  con- 
form to  the  standards  set  forth  in  the  annexed  table, 
which  embraces  all  sizes  of  line  wire  in  general  use 
for  telephonic  purposes. 

TABLE  SHOWING  APPROXIMATE  DIMENSIONS   AND  PRO- 
PERTIES OF  TELEPHONE  LINE  WIRES  OF  VARIOUS 
DESCRIPTIONS. 


Description. 

SWG. 

Diameter 
in  mils. 

Resist- 
ance per 
mile  in 
ohms. 

Breaking 
strain  in 
Ibs. 

Weight 
per 
mile  in 
Ibs. 

Weight 

Pf. 
coil  in 

Ibs. 

Iron     .     .     . 

7-5 

158 

12 

1069 

400 

112 

..       ... 

11 

120 

26 

535 

200 

56 

?>       ... 

16 

66 

80 

160 

60 

40 

Steel    .     .     . 

16 

66 

103 

360 

60 

40 

Bronze 

14 

79 

20 

485 

ICO 

30 

5?             ... 

16 

66 

29 

340 

70 

20 

?1             ... 

18 

49 

45 

200 

40 

40 

J>             ... 

20 

35 

100 

100 

20 

40 

Hard  drawn 

copper  . 

7'5 

158 

2-23 

1250 

400 

112 

8 

148 

2-55 

1130 

350 

112 

9 

137 

2-97 

950 

300 

56 

10 

125 

3-57 

800 

250 

56 

11-5 

112 

4-46 

650 

200 

56 

12-5 

97 

5-95 

490 

150 

56 

14 

79 

8-92 

330 

100 

30 

16 

66 

12-74 

230 

70 

20 

In  addition  to  hard  drawn  copper,  silicium  and 
phosphor  bronze  wires  are  now  very  largely  used  for 
telephone  line  circuits.  This  class  of  wire  is  made  of 
an  alloy  of  ninety-seven  parts  of  pure  copper  and  three 
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parts  of  tin,  and  neither  silicium  nor  phosphorus  as  a 
matter  of  fact  actually  forms  part  of  their  composition 
at  all,  but  are  simply  used  as  fluxes  during  the  pro- 
cess of  manufacture.  Bronze  wires  have  a  consider- 
ably higher  resistance  than  those  made  of  pure  copper 
of  the  same  gauge,  but  their  tensile  strength  is 
greater ;  so  strong  in  fact  can  they  be  made  that  wires 
of  very  small  size  can  be  used  with  safety  even  where 
the  supports  are  an  exceptionally  long  distance  apart. 
Bronze  wire  is  usually  employed  for  local  circuits 
only,  the  sizes  used  ranging  from  No.  16  SWG  to  No. 
20  SWG.  The  standard  size  adopted  by  many  conti- 
nental telephone  administrations  is  No.  18  SWG, 
weighing  40  Ib.  to  the  mile,  and  this  is  also  the 
standard  size  employed  for  local  lines  by  the  National 
Telephone  Company  of  Great  Britain,  which  company 
also  uses  similar  wire  of  No.  16  SWG,  weighing  70  Ib. 
to  the  mile  ;  this  latter  size  of  wire  is  however  only 
used  for  call  wires,  where  a  call  wire  system  is  em- 
ployed, or  for  long  local  lines. 

The  British  Post  Office  do  not  use  bronze  wires  at 
all,  neither  is  this  class  of  wire  used  in  America  ex- 
cept to  a  very  small  extent,  but  copper  wire  only  both 
for  local  and  trunk  line  circuits,  owing  to  the  higher 
degree  of  conductivity  which  it  possesses.  For  trunk 
lines  hard  drawn  copper  is  the  only  kind  of  wire  used 
by  all  telephone  administrations  throughout  the 
world,  varying  in  weight  from  70  Ib.  to  800  Ib.  per 
mile. 

A  large  proportion  of  the  trunk  lines  belonging  to 
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the  British  Post  Office  are  of  Nos.  14  and  12| 
many  of  these  were  originally  erected  by  and  pur- 
chased from  the  National  Telephone  Company. 

The  overhead  portion  of  the  same  administration's 
trunk  lines  connecting  London  with  Paris  consist  of 
hard  drawn  copper  wire  of  No.  8  SWGr,  which  weighs 
about  400  Ib.  per  mile  and  has  a  resistance  of  2  -2  ohms 
per  mile  ;  the  length  of  these  circuits,  of  which  there 
are  two,  both  being  loops,  is  about  85  miles. 

The  French  land  wires  forming  a  portion  of  the 
same  circuits  are  about  200  miles  in  length,  have  a 
resistance  of  about  1±  ohms  per  mile  and  weigh  about 
600  Ib.  per  mile. 

The  longest  trunk  lines  are  to  be  found  in  the 
United  States,  where  there  are  many  circuits  over 
1,000  miles  in  length,  over  which  speech  can  be 
transmitted  with  the  greatest  facility.  The  trunk  line 
connecting  Chicago  with  Boston  is  no  less  than  1,200 
miles  in  length.  The  overhead  portion  of  this  circuit, 
as  also  of  the  trunk  line  connecting  New  York  with 
Chicago,  a  distance  of  nearly  1,000  miles,  is  of  copper 
wire,  weighing  435  Ib.  per  mile,  which  measures  165 
mils  in  diameter  and  has  a  resistance  of  2*06  ohms  and 
a  capacity  of  *0158  microfarad  per  mile.  Paris  is  now 
also  connected  with  Brussels  and  with  Marseilles,  the 
lines  being  of  copper  180  mils  in  diameter,  and  speak- 
ing is  practicable  over  these  lines  from  London  and 
other  cities  in  the  United  Kingdom,  the  distance  from 
London  to  Marseilles  via  Paris  being  900  miles. 

Even  much  longer  circuits  than  any  of  those  men- 
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tioned  have,  it  is  alleged,  been  spoken  over  with  satis- 
factory results  in  America.  Mr.  D.  M.  Therrell,  of 
the  Southern  Bell  Telephone  Company,  affirms  that  he 
has,  by  means  of  special  apparatus  devised  by  himself 
for  the  purpose,  been  able  to  successfully  talk  over 
circuits  measuring  as  much  as  2,300  miles  in  length. 

What  the  ultimate  limit  of  speech  will  be  over  an 
overhead  telephone  line  is  not  yet  actually  determined, 
but  it  will  depend  to  a  very  large  extent  at  all  events 
upon  the  total  resistance  of  the  circuit,  its  electrostatic 
capacity,  and  electro-magnetic  inertia  or  inductance. 

The  "Farad  "  is  the  standard  unit  of  capacity,  but 
it  is  far  too  large  a  unit  to  use  for  ordinary  practical 
calculations ;  the  "  Microfarad,"  which  is  one  mil- 
lionth part  of  a  Farad,  has  therefore  been  adopted  as 
the  practical  unit  of  capacity,  and  the  capacity  of  a 
wire  is  compared  with  this  unit  by  means  of  a  con- 
denser of  standard  capacity,  in  the  manner  described 
in  a  later  chapter. 

As  a  continuation  of  open  or  bare  overhead  wires 
well  insulated  copper  wire  should  always  be  employed 
for  leading  into  buildings.  The  class  of  wire  gener- 
ally used  for  leading  in  purposes  is  of  soft  copper 
insulated  either  with  gutta-percha  or  vulcanized  india- 
rubber. 

The  dielectric  of  rubber-covered  wires  usually  con- 
sists of  three  distinct  layers  of  this  substance  accu- 
rately centred  and  neatly  laid  on,  the  first  layer  being 
of  pure  rubber  of  the  best  possible  quality,  and  the 
second  and  third  la3Ters  of  rubber  of  equally  good 
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quality  but  properly  vulcanized.  Waterproof  tape  is 
then  neatly  wrapped  on,  and  over  this  as  a  final  pro- 
tection a  stout  cotton  braiding  well  saturated  with 
ozokerit.  The  diameter  of  the  wire  and  its  rubber 
coverings  should  not  exceed  about  128  mils  or  180 
mils  over  tape  and  cotton  braiding  as  well  (Fig.  96). 


Fig.  96. 

For  use  as  continuations  of  metallic  circuits  two 
rubber  insulated  wires  are  laid  up  together  and  simi- 
larly protected,  one  being  coloured  red  and  the  other 
black,  in  order  to  facilitate  identification.  The  flat 
cable  thus  formed  should  measure  not  more  than  220 
mils  by  395  mils  in  cross  section  over  all.  A  twin 
leader  of  this  kind  is  shown  in  Fig.  97. 


Fig.  97. 

The  size  of  the  copper  conductors  in  this  class  of 
covered  wire  is  usually  No.  20  SWG,  which  has  a 
diameter  of  36  mils  and  a  resistance  of  about  43 
ohms  per  mile.  Its  electrostatic  capacity  should  not 
exceed  '30  microfarads  or  the  insulation  resistance  be 
less  than  500  megohms  per  mile. 
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CHAPTER  IX. 

WIRING. 

WHEN  running  overhead  wires,  particularly  in  popu- 
lous districts,  too  much  care  cannot  be  exercised  to 
avoid  accidents  through  wires  being  allowed  to  come 
in  contact  with  chimney  pots,  ventilating  pipes,  loose 
ridge  tiles  and  slates,  stone  ornaments,  or  similar  pro- 
jections of  one  kind  or  another  fixed  en  the  roofs  of 
most  buildings,  which  might  in  consequence  become 
dislodged  and  be  precipitated  into  the  streets  below. 

When  a  wire  is  being  run  across  a  roadway  it  should 
not  be  allowed  to  drop  or  sag  so  low  that  vehicles 
or  pedestrians  passing  along  will  be  likely  to  come 
in  contact  with  it.  Owing  to  lack  of  sufficient  at- 
tention on  the  part  of  linesmen  being  paid  to  these 
matters  much  expense  and  many  serious  accidents 
have  often  been  caused  in  the  past.  A  light  rope  or 
travelling  line  as  it  is  usually  called  should  as  a  rule 
be  used  for  drawing  wires  across  the  tops  of  build- 
ings or  over  roadways  within  city  boundaries  at  all 
events.  The  class  of  light  rope  known  as  sash  line 
will  be  found  most  suitable  for  this  purpose.  When 
a  wire  has  to  be  carried  over  a  street  or  other  open 
space  between  two  builings,  one  end  of  a  travelling 
line  is  dropped  down  to  the  ground  from  the  top  of 
each  of  them,  where  the  two  ends  are  joined  together. 
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The  rope  is  then  drawn  taut  by  the  men  on  the  roofs 
and  the  wire  attached  and  drawn  across  to  its  support. 
All  wires  run  within  city  boundaries  should  as  a  rule 
be  terminated  at  each  support,  and  they  should  not 
be  fixed  at  a  less  height  than  30  feet  from  the  ground 
at   the   centre  of  the  span   in    order    to    avoid  their 
obstructing  the   free   passage  of   fire   escapes,  which 
they  might   do  if  fixed  at  a  lower   level.     Byelaws 
enforcing  this  rule  have  of  late  years  been  adopted 
and  put  in  force  by  many  local  administrative  bodies. 
In  some  instances  permission  of  the  local  authorities 
must  be  obtained  before  wires  can  be  run  over  high- 
ways under  their  control,  and  a  register  of  such  wires 
must  be  kept  for  their  information  ;  but  these  cases 
are  very  exceptional,  and  as  a  general  rule  the  per- 
mission of  local  authorities  need  not  be  asked  to  run 
wires  over  the  streets  controlled  by  them.     In  some 
cases  also,  notably  that  of  the  London  County  Council, 
the   name   of  the  owner  must   be  plainly  shown  on 
every  kind  of  support  carrying  a  wire  or  wires,  and 
inspectors  have  been  specially  appointed  to  see  that 
this  and  other  regulations  are  duly  complied  with. 

Crossings  over  roadways  should  always  be  made 
as  nearly  as  possible  at  a  right  angle  with  them,  as  a 
wire  run  in  this  position  breaking  would  be  less  liable 
to  do  any  injury  than  would  otherwise  be  the  case. 
The  spans  should  also  be  short. 

Wires  should  not  be  run  directly  over  chimneys,  as  the 
fumes  arising  therefrom  exercise  a  very  deleterious 
effect  upon  them,  as  a  result  of  which  they  soon  break. 
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Great  care  should  always  be  exercised  when  hand- 
ling copper  or  bronze  wires,  as  scratches  and  indenta- 
tions act  upon  such  wire  somewhat  in  the  same 
manner  as  a  diamond  cut  on  glass,  making  it  weak,  and 
consequently  liable  to  be  easily  broken.  Wire  of  this 
kind  should  be  coiled  on  suitable  drums,  off  which  it  can 
be  easily  run.  Kinks  and  bends  in  it  must  be  avoided. 

On  country  road  routes  it  is  not  necessary  to  termi- 
nate wires  at  every  pole,  or  to  use  a  travelling  line 
when  running  them ;  they  should,  however,  always 
be  terminated  at  both  sides  of  any  road  they  may  cross 
over,  and  about  every  quarter  of  a  mile  will  otherwise 
be  sufficient.  Before  the  work  of  running  wire  is 
started,  the  insulators  to  which  they  are  to  be  at- 
tached should  first  be  fixed  in  their  positions  on  the 
arms.  One  of  the  quickest  methods  of  running  wire 
on  a  country  road  route  of  poles  is  to  use  two  drums 
of  wire,  one  being  placed  at  either  end  of  the  section 
to  be  wired,  which  should  be  as  long  as  possible,  as 
the  fewer  joints  there  are  made  the  better.  A  man 
starting  away  with  a  wire  from  one  end  of  a  section 
would  carry  it  to  the  far  end  and  return  with  another 
wire  from  the  second  drum  there  placed,  the  wire 
being  pulled  up  to  and  laid  over  the  arms  of  each  pole 
as  he  proceeds,  by  men  stationed  up  them  for  this 
purpose.  If  instead  of  one  man  only,  two  or  more  are 
employed  in  carrying  the  wire,  each  one  taking  it  a 
part  of  the  way  only,  the  work  will  be  still  more 
quickly  done  ;  or,  if  necessary,  two  or  even  more  sets 
of  men,  each  set  using  their  own  separate  drums  of 
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wire,  may  carry  on  the  work  of  wire  running  at  the 
same  time.  Such  a  plan  as  the  latter  is  however 
seldom  necessary,  and  is  only  adopted  as  a  rule  when 
exceptional  expedition  is  imperative,  as  in  the  case  of 
the  breakdown  of  a  section  of  a  route  carrying  a  large 
number  of  wires.  The  method  of  running  out  wires 
in  vogue  in  America,  when  a  large  number  are  re- 
quired to  be  run  on  ground  poles,  is  to  place  a  number 
of  coils  of  wire  on  spindles,  fixed  at  one  end  of  the 
section  of  route  to  be  wired.  The  end  of  each  coil  is 
taken  through  a  hole  in  a  piece  of  timber,  termed  a 
running  board,  to  which  they  are  severally  fastened. 
The  holes  in  this  board  are  generally  spaced  about 
the  same  distance  apart  as  are  the  insulator  pin  holes 
on  the  arms.  To  the  centre  of  the  running  board  is 
fastened  one  end  of  a  stout  rope,  which  is  laid  over  the 
tops  of  the  arms  on  the  poles  to  which  the  wires  are 
to  be  attached,  and  the  other  end  of  the  rope  is 
hitched  to  a  team  of  horses,  which  walk  away  with 
it.  On  the  top  of  each  pole  a  man  is  stationed,  whose 
duty  it  is  to  lift  the  running  board  over  the  top  of 
each  arm  or  guide  it  round  the  pole,  in  the  latter  case 
taking  off  the  wires  on  one  side  of  the  running  board 
and  fastening  them  on  again  when  it  has  been  taken 
round  to  the  far  side  of  the  pole,  suitable  clips  being 
provided  in  order  that  this  may  be  done  with  facility. 
When  the  required  number  of  wires  have  all  been 
run  over  the  arms,  they  are  next  securely  attached  to 
their  respective  insulators,  each  one  being  separately 
regulated  first.  Too  little  attention  is  as  a  rule  given 
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to  the  proper  regulating  of  overhead  wires.  Although 
foremen  in  charge  of  the  work  of  running  overhead 
wires  are  usually  supplied  with  carefully  compiled 
tables 1  showing  the  proper  stress  to  put  upon  wires  of 
various  sizes  and  different  lengths  of  span,  at  varying 
temperatures  of  the  atmosphere,  and  are  instructed  to 
regulate  the  wires  they  run  in  accordance  therewith, 
they  more  often  than  not  neglect  to  do  so,  preferring 
to  regulate  them  according  to  their  own  judgment, 
which  is  frequently  very  sadly  at  fault.  The  result 
often  is  that  considerable  expense  has  to  be  incurred, 
owing  to  their  breaking  through  being  strained  up 
too  tight,  or  getting  in  contact  owing  to  not  being 
strained  up  tight  enough.  As  a  general  rule,  tele- 
phone and  telegraph  wires  should  be  strained  up  to  not 
more  than  one  third  or  one  fourth  of  their  breaking 
strain,  the  factor  of  safety  for  copper  wire  being 
usually  taken  as  one  fourth  and  of  bronze  wire  one 
third.  Thus,  for  example,  a  copper  wire  the  breaking 
strain  of  which  is  400  lb.,  should  not  have  a  stress  of 
more  than  about  100  lb.  put  upon  it.  Variation  in 
the  temperature  of  the  atmosphere  and  in  the  lengths 
of  spans  regulate  this  however  to  a  certain  extent. 
It  is  on  this  basis  that  these  tables  of  sags  and  stresses 
have  been  compiled,  and  the  first  wires  erected  on 
either  roof  fixtures  or  ground  poles  should  always 
be  regulated  in  accordance  with  them,  and  they 
will  then  serve  as  a  guide  by  means  of  which  all 
other  wires  attached  to  the  same  supports  may  be 
1  See  Appendix. 
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regulated  also.     For  this  purpose  a  combined  ratchet 
and  dynamometer  (Fig.  98)  is  usually  employed,  the 


Fig.  99. 

latter  being  simply  a  special  form,  of  Baiters'  spring 
balance  furnished  with  a  scale  plate  upon  which  a 
pointer  travels  as  tension  is  applied,  indicating  the 
stress  in  Ibs.  This  apparatus  is  provided  at  one  end 
with  a  hook,  to  which  can  be  readily  attached  a  Dutch 
or  sliding  draw  tongs,  or  "  come  along,"  as  it  is  termed 
in  America,  by  means  of  which  the  wire  to  be  strained 
up  can  be  firmly  gripped,  as  illustrated  in  Fig.  99. 
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Fig.  100. 


Iii  addition  to  using  a  dynamometer  and  Dutch  tongs, 
several  other  methods  are  employed  for  straining  up 
wires.  If  the  wire  is  light  and  the  span  short,  it  can 
be  easily  pulled  up  by  hand ;  it  will  however  gene- 
rally be  found  desirable  to  use  some  form  of  small 
and  light  tension  ratchet  for  this  purpose.  One  of 
the  most  useful 
and  handy  types 
of  this  apparatus 
is  shown  i  n 
Fig.  100,  which 
is  commonl  y 
known  as  a 
"draw  vice." 
The  wire  to  be 
strained  up  is  placed  in  the  groove  cut  in  the  jaws, 
which  are  made  to  grip  it  firmly  by  means  of  the 
thumbscrew.  The  barrel  carrying  the  ratchet  has 
a  hole  through  its  centre,  through  which  the  end 
of  a  stout  wire  is  taken  and  made  fast,  the  other 
end  of  this  wire  being  fastened  to  the  arm  or  in- 
sulator bolt  on  the  pole.  By  means  of  a  key  the 
barrel  is  revolved  until  the  required  stress  has  been 
put  upon  the  wire,  a  pawl  which  engages  the  ratchet 
preventing  it  from  running  back,  and  the  line  wire  is 
then  fastened  to  its  insulator.  In  America,  where  the 
wire  used  is  usually  copper  of  large  size,  a  similar 
vice  of  heavy  make  is  often  employed,  the  tension 
being  put  upon  the  wire  by  means  of  a  strap  and 
buckle  attached  to  it,  a  bight  of  which  is  taken  round 
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an  insulator  pin  or  arm  (Fig.  101).  Blocks  and  tackle 
are  also  employed  in  America  for  straining  up  wires, 
the  wire  being  gripped  by  a  "come  along,"  several 
spans  of  wire  being  usually  strained  up  at  one  time 


Fig.  101. 

when  this  apparatus  is  employed,  and  bound  in  to  the 
insulators  on  the  various  poles  simultaneously. 

BINDING  IN.     There  are   several  different  methods 
employed  for  binding  wires  to  insulators.    The  method 

adopted  by  the  British 
Post  Office  is  to  use  a 
piece  of  copper  tape 
about  24  inches  long 
and  43  mils  thick,  which 
is  wrapped  round  the 
line  wire  opposite  the 
insulator ;  a  shorter  but 
heavier  length  of  simi- 
lar tape  is  then  taken 
«•_««=»  once  round  the  insu- 
102.  lator,  and  its  ends 
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wrapped  over  the  first  tape,  as  shown  in  Fig.  102. 
Fig.  103  shows  a  very  common  method  of  binding 
in,  and  one  which  has  been  employed  for  very  many 
years.  The  line  wire  is  laid  in  the  groove  of  the 
insulator,  and  a  piece  of  semi-hard  copper  wire, 
slightly  less  in  size  than  the  line  wire,  and  about  18 
inches  in  length,  is  taken  round  the  insulator  and  its 
ends  wrapped  round  the  line  wire. 

In  America  what  is  known  as  the  "  Helven  "  method 


Fig.  103.  Fig.  104. 

of  binding  in  is  extensively  employed  (shown  in  Fig. 
104),  in  which  it  will  be  seen  that  a  binding  wire  is 
first  passed  round  the  insulator,  when  its  ends  are 
twisted  together  and  finally  wrapped  round  the  line 
wire.  Another  method  of  binding  in  is  that  employed 
by  the  National  Telephone  Company,  shown  in  Fig. 
105.  The  centre  portion  of  a  binder  of  semi-hard 
copper  wire  is  wrapped  tightly  round  the  line  wire 
opposite  the  insulator,  for  a  distance  of  about  If 
inches.  The  ends  are  then  taken  round  the  bottom 
groove  of  the  insulator  in  reverse  directions  and 
passed  under  and  round  the  line  wire  twice,  and  are 
then  again  taken  round  the  insulator  and  the  ends 


134  TELEPHONE  LINES.  [CHAP. 

closely  wrapped  one  on  either  side  of  it,  for  seven  or 
eight  turns  round  the  line  wire.  The  length  of 
binder  required  for  binding  in  bronze  wire  is  36  inches, 
No.  18  SWGr  being  the  size  commonly  employed.  For 


Fig.  105. 

binding  in  copper  wires  weighing  up  to  100  Ib.  per 
mile,  the  same  size  of  binding  wire  is  also  used,  the 
length  required  being  however  40  inches,  For  heavier 
wires  the  binder  used  is  of  No.  16  SWGr. 

Although  this  method  of  binding  in  secures  the 
line  wire  firmly  to  the  insulator,  it  is  more  often  than 
not  distorted  by  being  tied  in  too  tightly,  as  shown  in 
Fig.  106.  Binding  a  line  wire  to  an  insulator  in  this 
way  weakens  it  considerably,  the  result  being  that 
almost  invariably  wires  so  bound  in  break  at  the 
insulator  when  an  abnormal  stress  is  put  upon  them, 
which,  but  for  being  weakened  in  this  way,  they 
might  otherwise  withstand  without  breaking.  The 
line  wire  is  further  weakened  owing  to  its  being 
chafed  where  nipped  by  the  binder  at  the  bend  on 
either  side  of  the  insulator. 


WIRING. 


135 


Fig.  106. 

Yet  another  method  of  binding  in,  and  one  that  is 
to  be  preferred  to  any  other  described,  is  shown  in 
Fig.  107.  The  line  wire  in  this  case  is  lapped  round 
with  the  middle  of  a  binder  for  about  half  a  dozen 
turns  only.  The  ends  are  then  taken  twice  round 


Fig.  107. 
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the  insulator  in  reverse  directions  and  lapped  round 
the  line  wire,  the  first  convolutions  being  widely  ex- 
tended and  the  extreme  ends  kept  close  together. 
This  method  secures  the  line  wire  firmly  to  the  in- 
sulator without  bending  it,  and  less  binding  wire  is 
required  than  is  necessary  when  most  other  methods 
are  employed. 

TEKMINATING.  There  are  two  different  kinds  of 
terminating,  viz.,  the  termination  of  an  open  or  bare 
wire  at  the  point  where  it  joins  a  flexible  covered 
wire  leading  to  an  instrument,  or  is  joined  to  an 
opening  out  or  leading  in  cable,  the  other  end  of 
which  is  connected  to  an  aerial  or  underground  dry 
core  cable,  and  the  terminating  of  open  wires  at  road 
crossings,  etc.,  commonly  called  double  terminating. 


Fig.  108. 

A  simple  method  of  single  terminating  is  that 
shown  in  Fig.  108.  The  end  of  the  line  wire  is  taken 
round  the  bottom  groove  of  the  insulator  and  then 
laid  back  on  itself  for  a  length  of  about  two  inches 
and  fastened  together  by  being  wrapped  round  with 
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binding  wire  similar  to  that  used  for  binding  in.  The 
end  of  the  line  wire  is  turned  up  for  about  ah  inch, 
and  to  this  end  the  leading  in  or  cable  wire  is  carefully 
soldered. 

Fig.   109  represents    another  very  similar  method 
of  terminating.     In  this  case  however  the  binder  is 


Fig.  109. 

first  taken  round  the  bottom  groove  of  the  insulator, 
and  then  the  two  ends  are  twisted  together.  The 
line  wire  is  also  taken  round  the  same  groove  and  its 
end  laid  back  as  in  the  first  case,  and  the  double 
binder  is  then  wrapped  neatly  and  tightly  round  it 
and  the  line  wire,  the  end  of  which  is  turned  up,  and 
the  wrapping  is  continued  along  the  line  wire  for 
about  six  convolutions  beyond  the  turned  up  end. 
Yet  one  more  method  of  terminating  light  wires  is 
that  illustrated  in  Fig.  110. 

In  this  case  no  binding  wire  is  used  at  all.  The 
line  wire  is  extended  for  a  length  of  about  24  inches 
beyond  the  centre  of  the  insulator,  and  at  a  distance 
of  10  inches  from  the  insulator  it  is  doubled  back  on 
itself,  ancl  the  bight  thus  formed  is  then  taken  once 
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round  the  bottom  groove  and  wrapped  round  the  main 
part  of  the  line  wire,  and  the  short  end  laid  alongside 


Fig.  110. 

it,  which  latter  is  turned  up  as  in  the  other  methods 
described.  This  method  of  terminating  is  a  very  simple 
one,  and  the  work  can  be  easily  and  quickly  performed ; 
it  has  however  one  serious  disadvantage.  Should  the 
line  require  to  be  strained  up  less  tightly,  or  tighter, 
at  any  time,  than  when  first  run,  it  will  in  most 
instances  have  to  be  pieced  or  butted,  as  it  is  com- 
monly called,  as  after  the  end  has  been  wrapped  round 
the  line  for  some  time  it  will  not  stand  unwrapping 
and  wrapping  on  again,  but  will  break,  which  is  due 
to  the  permanent  set  it  has  acquired  in  the  one  direc- 
tion. If  the  wire  is  new  and  has  only  been  run  a 
short  time  it  will  often  stand  wrapping  on  and  off 
two  or  even  three  times,  but  this  is  not  invariably 
the  case. 

For  double  terminating  a  similar  method  is  em- 
ployed, but  the  length  of  line  wire  required  to  be 
taken  beyond  the  centre  of  the  insulators  is  30  inches, 
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and  after  the  wrapping  round  the  main  line  wire  has 
been  done,  the  two  ends  are  taken  in  reverse  directions 
round  the  insulators  again,  the  extremities  twisted 
together  for  about  three-quarters  of  an  inch  and  care- 
fully soldered,  as  illustrated  in  Fig.  111.  The  line 


Fig.  ill. 


wires 


Fig.  112. 

it  will  be  observed,  are  placed  in  separate 
grooves.  When  a  binder  is  used  to  fasten  each  of 
the  wires  to  be  cross  connected,  the  ends  of  the  lines 
are  usually  joined  together  in  the  manner  shown  in 
Fig.  112.  Figs.  112A  and  112n  illustrate  two  more 
methods  of  double  terminating  frequently  employed. 
Care  shoiild  always  be  taken  to  avoid  waste  of  line 
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and  binding  wire  by  cutting  them  too  long.  To  avoid 
the  chance  of  this  being  done  in  the  case  of  line  wire 
it  should  not  be  cut  off  the  coil  until  the  work  of 
terminating  is  completed. 

HUMMING  OF  WIRES.  Trouble  is  often  experienced 
owing  to  the  humming  of  wires,  and  to  prevent  this 
annoyance  many  devices  have  been  tried  with  more 
or  less  success.  About  the  most  successful  of  the 


Fig.  112A.  Fig.  112B. 

devices  used,  and  one  which  has  proved  itself  to  be 
very  effective  in  many  instances  where  others  have 
failed,  is  to  wrap  a  narrow  strip  of  sheet  lead  along 
the  line  wire,  close  to  the  insulator,  for  a  distance  of 
about  9  inches,  round  which  it  should  also  be  once 
taken.  If  the  desired  result  is  not  obtained  by  this 
means,  a  wrapping  of  spun  yarn  should  be  added, 
sandwiched  in  between  the  line  wire  and  the  lead 
strip,  when  complete  stoppage  of  the  noise  will  be 
found  to  invariably  result. 

CROSS    CONNECTIONS    on   poles   between   two   wires 

attached  to  different  insulators,  as  in  the  case  of  a 

•branch  line   on  one  arm   being  connected   to  a  main 

wire  on  another  arm,  should  always  be  as  short  as 
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possible,  covered  leading  in  wire  being  used  for  this 
purpose. 

JOINTING.  In  no  portion  of  the  work  involved  in 
the  construction  of  a  telephone  line  circuit  is  it  so 
absolutely  necessary  to  have  it  carried  out  in  the  most 
efficient  possible  manner  as  in  that  of  jointing  the 
various  lengths  of  wire  together,  and  much  attention 
has  been  given  to  this  subject  by  telephone  and  tele- 
graph engineers,  with  a  view  to  finding  out  the  best 
method  of  jointing  to  adopt,  and  numerous  jointing 
devices  have  been  invented,  each  one  purporting  to 
be  more  efficient  than  any  other. 

Two  of  the  oldest  and  best  known  methods  of 
jointing  are  those  known  as  the  "  Western  Union " 
and  "  Bell,"  as  shown  in  Figs.  113  and  114.  When 
making  these  joints  the  wires  are  made  to  overlap 
each  other  for  a  length  of  about  2  inches.  The  centre 
of  the  overlap  is  then  firmly  grasped  by  a  pair  of 
pliers  and  each  of  the  ends  is  wrapped  round  its 
fellow,  and  solder  applied  at  the  centre. 

Another  very  efficient  method  of  making  a  soldered 
joint  is  that  known  as  the  "  twist."  It  is  made  by 
placing  the  ends  of  the  wire  side  by  side  for  a  distance 
of  7  or  8  inches.  The  centres  of  the  overlapped  wires 
are  then  twisted  together  for  a  length  of  about  If 
inches,  with  a  lay  of  about  half  an  inch ;  each  of  the 
ends  is  then  wrapped  round  its  fellow  wire  for  a  length 
of  three-eighths  of  an  inch,  the  whole  joint  thus  being 
about  2J  inches  long,  as  shown  in  Fig.  115.  No  pliers 
or  other  tool  should  be  used  in  making  this  joint,  but 
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it  should  be  made  by  hand  and  soldered  only  at  its 
centre.  In  order  that  the  soldering  of  joints  may  be 
effectually  carried  out,  it  is  most  essential  that  the 
ends  of  the  wires  should  be  thoroughly  cleaned,  which 
may  best  be  done  with  a  piece  of  emery  paper  or  a 
blunt  knife,  as  the  least  grease,  dirt,  or  moisture,  will 


Fig.  113. 


Fig.  114. 


Fig.  115. 


Fig.  116. 

prevent  the  proper  adhesion  of  the  solder.  The  bolt 
used  should  be  clean  and  not  be  heated  to  a  greater 
degree  than  will  just  suffice  to  make  the  solder  flow, 
and  it  should  be  kept  near  the  wire  for  the  shortest 
possible  time  necessary  to  complete  the  work,  as  heat 
applied  to  copper  or  bronze  wires  tends  to  soften  them 
and  by  so  doing  makes  them  weak.  Acid  of  any  kind 
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should  never  be  used  as  a  flux,  but  resin,  Baker's  fluid, 
which  is  a  preparation  specially  made  for  the  purpose, 
or  zinc  chloride.  Any  excess  of  the  flux  used  over  and 
above  what  is  actually  employed  in  the  process  of 
soldering  should  be  carefully  wiped  off  the  wire.  A 
soldered  joint  should  not  be  artificially  cooled. 

For  jointing  heavy  copper  wires  the  method  illus- 
trated in  Fig.  116  is  an  excellent  one  and  is  very 
extensively  employed. 

This  style  of  joint  is  known  as  the  "Britannia." 
The  two  ends  of  the  line  wires,  after  being  thoroughly 
cleaned,  are  laid  side  by  side  for  a  distance  of  2  inches. 
A  piece  of  binding  wire,  30  inches  long,  is  then  wrapped 
tightly  round  the  two  wires,  starting  from  the  centre 
and  continuing  the  wrapping  on  one  side  of  the  joint 
until  the  end  of  the  wires  is  reached,  and  over  the 
single  wire  beyond  it  for  about  five  turns.  The  other 
side  of  the  joint  is  then  wrapped  in  a  similar  manner 
with  the  remaining  half  of  the  binder  and  the  whole 
joint  is  carefully  soldered  ;  the  connection  is  thus  made 
a  very  solid  one.  When  very  heavy  wires  are  jointed 
together  in  this  manner  the  space  between  them  and 
the  binder  should  be  filled  up  with  thin  copper  wires. 
The  ends  of  the  line  wires  ought  not  to  be  turned  up, 
but  cut  off  flush.  Soldered  joints  made  in  the  manner 
described,  if  properly  made,  are  very  efficient ;  but  if 
the  process  of  soldering  has  not  been  properly  carried 
out,  or  if  the  splice  is  not  soldered  at  all  but  left 
"  dry,"  as  is  too  often  the  case,  joints  of  this  kind 
will  prove -a  fruitful  source  of  trouble.  Great  difficulty 
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and  loss  of  time  is  frequently  experienced  by  wire- 
men,  particularly  on  country  roads,  in  getting  solder- 
ing bolts  heated,  for  they  cannot  always  carry  a  fire- 
pot  with  them.  In  order  to  meet  this  difficulty,  a 
combined  Swedish  torch  and  soldering  bolt  is  some- 
times used  (Fig.  117).  Although  this  form  of  heating 
apparatus  is  very  handy,  and  can  be  effectively  em- 


Fig.  117.  Fig.  II?A. 

ployed  in  the  open  air  if  there  is  no  wind,  it  is  almost 
impossible  to  keep  it  alight  up  a  pole  if  it  is  at  all 
windy ;  its  usefulness  is  consequently  very  limited. 

Another  form  of  heating  apparatus  also  used  for 
soldering  wire  joints  is  shown  in  Fig.  117A,  which  is 
known  as  the  "  Fletcher  Torch."  It  consists  of  an 
oblong  iron  box,  in  which  a  number  of  holes  are 
pierced,  and  on  the  top  is  a  deeply  grooved  lid,  into 
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which  a  piece  of  solder  is  placed.  The  interior  of  the 
box  is  filled  with  yarn  saturated  with  spirits.  When 
this  is  ignited  the  solder  in  the  tray  lid  is  melted  and 
the  jointed  wire  laid  in  it.  The  box  is  provided  with 
a  handle,  by  means  of  which  it  can  be  applied  readily 
to  a  line  when  attached  to  a  pole,  even  in  the  stormiest 
of  weather. 

To  save  the  necessity  of  soldering  joints  at  all, 
and  the  trouble  and  loss  of  time  which  it  often  in- 
volves, many  devices  of  a  mechanical  nature  have 
been  patented,  some  of  which  have  much  to  recom- 
mend them,  and  their  use  is  to  be  preferred  before 
any  other  method  of  jointing. 

About  the  best  of  these  devices  is  that  known  as 
the  Mclntire  sleeve  or  connector,  which  is  used  very 
extensively  in  America  and  in  Norway  and  Sweden, 
three  of  the  most  up-to-date  countries  in  the  world  so 
far  as  telephonic  enterprise  is  concerned  at  all  events. 
The  Mclntire  sleeve  consists  of  a  double  tube  of  copper 
through  which  the  two  line  wires  to  be  jointed  are 
threaded  in  reverse  directions.  Three  and  a  half  com- 
plete turns  are  then  given  to  the  tube  and  enclosed 
wires  which  knits  them  firmly  together  into  a  practi- 


cally solid  and  air-tight  mass.  One  of  these  sleeves 
is  illustrated  in  Fig.  118,  and  shows  a  joint  made  in 
this  way.* 

L 
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For  making  joints  of  this  kind  a  special  form  of 
splicing  clamp  is  generally  employed  of  the  pattern 
shown  in  Fig.  119. 

Another  connector  of  a  similar  type  is  that  known 


Fig.  119. 

as  the  "Lillie,"  which  is  also  considerably  used  in 
America.  It  consists  of  a  strip  of  sheet  copper  about 
2J  inches  long,  the  edges  of  which  are  curved  inwards 
in  reverse  directions.  In  the  grooves  thus  formed  the 
line  wires  are  placed.  (Fig.  120).  The  connector  is 


Fig.  120. 


Fig.  121. 

then  twisted  in  the  same  manner  as  in  the  case  of  the 
"  Mclntire,"  when  the  completed  joint  assumes  the 
neat  appearance  depicted  in  Fig.  121.  In  making 
joints  of  this  kind  it  is  important  that  the  ends  of  the 
line  wires  should  be  thoroughly  cleaned  before  they 
are  placed  inside  the  connector. 
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LEADING  IN.  Bare  line  wires  should  always  be 
extended,  wherever  it  is  practicable  to  do  so,  to  the 
nearest  point  on  the  outside  of  a  building,  to  where 
they  will  be  connected  to  the  wires  inside  leading  to 
the  instrument.  To  the  open  wires  flexible  gutta- 
percha  or  rubber  insulated  and  well  protected  leading 
in  wires  should  be  joined.  These  should  be  taken  just 
as  far  as  the  inside  of  a  building  only,  as  a  rule,  where 
they  should  be  attached  to  terminals,  on  an  efficient 
lightning  arrester  block,  in  the  manner  shown  in 


Fig.  122. 

Fig.  122,  or  to  a  combined  arrester  and  fuse,  as  in 
Fig.  123,  to  which  the  inside  wires  will  of  course  also 
be  joined.  The  arrester  in  the  first  illustration  con- 
sists simply  of  a  serrated  metal  plate  connected  to 
earth,  its  points  butting  on  similar  plates  to  which 
line  terminals  are  attached,  but  slightly  parted  from 
them.  The  arrester  illustrated  in  the  second  sketch 
is  one  of  the  best  of  many  types  which  have  been 
invented.  It  consists  of  two  small  blocks  of  carbon, 
between  which  is  sandwiched  a  LJ-shaped  piece  of 
mica,  5 \  -  mils  thick  and  of  the  same  size  as  the 
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Fig.  123. 

blocks.  One  of  these  carbon  blocks  is  attached  to  an 
earth  plate,  and  in  the  centre  of  it  is  fixed  a  small 
globule  of  fusible  metal.  A  plan  view  of  this  and  of 
the  mica  plate  separating  and  insulating  the  blocks 


Fig.  124. 

is  shown  in  Fig.  124.     The  second  block  is  connected 
in  shunt  with  one  of    the  line  wires  of    a   metallic 
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circuit.  Prolonged  sparking  between  the  carbon  blocks 
over  the  inner  edge  of  the  mica  insulating  medium 
will  cause  the  globule  of  metal  to  melt,  and  place  the 
two  blocks  directly  in  contact  with  each  other,  thus 
earthing  the  current.  In  conjunction  with  this  arrester 
a  fuse  is  used,  made  of  a  strip  of  fusible  metal,  enclosed 


Fig.  125. 

in  a  fibre  tube,  and  also  a  small  heat  coil,  which  is  made 
of  a  wire  wound  to  a  resistance  of  43  ohms,  which  is 
also  enclosed  in  a  fibre  tube.  One  end  of  this  coil  is 
attached  by  means  of  fusible  solder  to  a  metal  stud 
on  the  end  of  the  fuse.  On  a  heavy  current  passing 
over  the  circuit  in  which  this  apparatus  is  inserted 
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the  coil,  which  is  wound  on  a  metal  bobbin,  becomes 
heated  and  melts  the  solder.  The  stud  is  then  pushed 
away  by  a  small  glass  rod  actuated  by  a  spiral  spring, 
thus  breaking  the  circuit.  It  will  in  some  instances 
be  found  desirable  to  carry  heavily  insulated  leading 
in  wires  right  up  to  the  instrument,  as,  for  example, 
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Fig.  125A. 

where  the  inside  walls  of  a  building  are  very  damp, 
in  which  case  the  leads  should  be  cut  at  the  point  of 
entry,  and  a  fuse  or  lightning  arrester  block  inserted 
in  the  circuit. 

A  convenient  method  of  running  bare  wires  down 
the  outside  walls  of  a  building  is  shown  in  Fig.  125, 
in  which  is  depicted  a  spur  insulator,  fixed  in  an  eaves 
bracket,  and  Fig.  125A  shows  a  useful  form  of  rafter 
bracket,  while  Fig.  125s  shows  a  spur  insulator  sup- 
ported by  an  eye  spike  driven  into  the  wall  close  to 
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the  point  at  which  the  wire  will  be  joined  to  the 
leading  in  wire,  which  should  be  carefully  soldered 
to  it,  after  they  have  both  been  twisted  together ;  or 
the  leading  in  insulator,  already  described  in  chapter 
vii.,  has  much  to  recommend  it,  in  which  the  lead  is 
fixed  and  kept  dry  inside  the  cup. 


Fig.  125e. 

Leading  in  wires  should  be  neatly  stapled  to  walls  or 
other  parts  of  buildings  along  which  they  may  be  run. 
If  two  separate  single  leads  are  used  they  should  not 
be  both  fastened  under  one  staple,  but  stapled  down 
separately.  Square-headed  staples  should  be  used  for 
fastening  down  twin  leads,  and  great  care  should  be 
taken  to  avoid  cutting  the  coverings. 
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CHAPTER   X. 

LINE    CIRCUITS. 

TELEPHONE  line  circuits  may  be  classified  under  either 
one  of  two  heads,  viz.  single  wire  or  earth  circuits, 
and  twin  wire,  otherwise  known  as  metallic  circuits. 
A  simple  earth  circuit  consists  of  a  single  wire  run 
between  any  two  places  it  is  required  to  put  into 
telephonic  communication  with  each  other,  the  circuit 
being  completed  through  the  instruments  to  which 


Fig.  126. 

its  ends  are  connected,  and  earth,  to  which  the  latter 
are  also  joined,  the  earth  thus  forming  part  of  the 
circuit,  as  shown  in  Fig.  126. 

In  a  circuit  of  this  kind  it  is  most  essential  that 
the  earth  connexion  should  be  a  perfect  one,  as  a  poor 
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earth  will  materially  impair  its  efficiency  by  accen- 
tuating the  trouble  due  to  induction  and  other  out- 
side influences,  and  will  at  the  same  time  considerably 
weaken  the  speaking. 

When  the  same  earth  is  used  for  a  number  of 
circuits,  which  is  often  the  case,  the  result  of  using 
an  inefficient  one  would  be  to  put  all  the  circuits  con- 
nected to  it  practically  in  contact  one  with  the  other, 
so  that  conversation  being  carried  on  over  one  of 
them  could  be  overheard  by  any  one  listening  on 
instruments  connected  with  either  of  the  others. 

The  best  "  earth  "  obtainable  is  that  afforded  by  a 
connexion  being  made  to  a  water  pipe  which  is  directly 
joined  to  a  street  main,  such  as  a  service  pipe.  The 
connecting  wire  to  the  instrument  should  be  of  fairly 
large  size.  No.  8  SWGr  iron  or  No.  14  copper  wire 
is  very  suitable  for  this  purpose.  Several  turns  of 
the  wire  should  be  taken  round  the  pipe,  to  which  it 
must  be  carefully  soldered,  both  the  pipe  and  wire 
being  well  cleaned  before  the  solder  is  applied. 

Gas  mains  also  make  good  earth,  but  connexion  to 
them  should  only  be  made  on  the  street  side  of  a  meter, 
as  the  material  used  in  jointing  the  various  lengths 
of  lead  or  compo  pipe,  which  form  the  usual  distri- 
buting medium  for  gas  supply  inside  buildings,  is 
often  of  high  resistance,  which  would  weaken  the 
speaking.  When  connexion  cannot  be  made  either 
to  a  water  or  gas  main,  a  pump  if  available  acts  as 
a  very  efficient  substitute,  if  the  connecting  wire  is 
properly  Attached  to  it.  A  good  earth  may  also  be 
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obtained  by  burying  a  fairly  large  plate  of  galvanized 
iron  or  copper  in  moist  ground.  Two  different  kinds 
of  metal  should  not  be  employed  on  the  same  circuit, 
but  the  same  metal  should  be  used  at  both  ends,  other- 
wise trouble  may  be  caused  owing  to  a  permanent 
current  being  set  up  on  the  line. 

The  most  extensive  use  of  the  telephone  is  made  in 


Fig.  127. 

connexion  with  what  is  generally  known  as  an  "  ex- 
change" system,  which  consists  of  any  number  of 
circuits,  one  end  of  each  being  connected  to  certain 
switching  apparatus  fitted  in  a  centrally  situated 
building,  commonly  called  the  "  Exchange/'  as  shown 
diagramatically  in  Fig.  127. 

By   means   of   the   switching   apparatus   any  two 
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subscribers,  as  those  persons  using  a  system  of  this 
kind  are  termed,  may  be  readily  placed  in  direct  verbal 
communication  with  each  other.  A  separate  wire, 
or  two  wires  where  a  metallic  circuit  is  used,  is  pro- 
vided for  each  subscriber  to  an  exchange  system  as 
a  rule  ;  but  in  order  to  lessen  the  heavy  cost  involved 
in  making  this  provision,  one  circuit  is  sometimes 
made  to  serve  several  subscribers. 

Circuits  of  this  kind  are  known  as  "  Party  Lines," 
and  though  this  method  of  exchange  working  has 
only  very  recently  come  into  vogue  to  any  extent  in 
Great  Britain,  it  has  for  some  years  past  been  adopted 
to  a  very  considerable  extent  all  over  the  United 
States,  with,  it  is  affirmed,  very  satisfactory  results. 
Private  lines  have  however  been  worked  on  this 
plan  since  the  very  earliest  days  of  telephony  in  all 
countries. 

What  is  generally  known  as  a  "  Private  Line"  as 
distinguished  from  an  exchange  line  is  a  wire  joining 
two  or  more  specific  places  permanently  to  each  other, 
as,  for  example,  the  head  office  of  an  insurance  com- 
pany with  one  of  its  branches,  or  a  city  office  with 
works  situated  in  another  locality. 

The  great  disadvantage  of  an  exchange  party  line 
is  that  if  any  one  subscriber  connected  to  it  is  con- 
versing with  another  subscriber  connected  to  the 
exchange  system  none  of  the  other  subscribers  also 
joined  to  the  same  party  line  can  use  it  at  the  same 
time  ;  they  could  however,  if  they  so  desired,  over- 
hear all  'the  conversation  being  carried  on  over  the 


156 


TELEPHONE  LINES. 


[CHAP. 


line  by  the  subscriber  using  it,  which  is  another  very 
objectionable  feature  of  this  method  of  working.  Its 
advocates,  while  freely  admitting  these  disadvantages, 
contend  that  in  actual  practice  it  is  found  that  they 
are  by  no  means  so  great  as  is  supposed,  and  that  as 
it  enables  a  person  to  avail  himself  of  the  use  of  a 
telephone,  at  a  much  smaller  cost  than  would  be 
charged  him  if  he  was  provided  with  a  separate  wire, 
he  must  be  content  to  put  up  with  any  disadvantage 
there  may  be  in  this  way  of  using  it,  just  as  a  man 


Fig.  128. 

who  cannot  afford  to  ride  in  a  brougham  all  by  him- 
self must  be  content  to  ride  in  a  tram  and  put  up 
with  any  inconvenience  which  that  method  of  loco- 
motion may  cause  him. 

Instruments  connected  to  a  party  line  may  be 
joined  to  it  in  two  or  three  different  ways.  One 
method  is  to  connect  them  all  in  series  in  the  manner 
shown  in  Fig.  128.  This  figure  illustrates  three 
instruments  joined  in  series  to  an  earth  circuit ;  if 
a  metallic  circuit  were  employed  the  earth  terminals 
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of  the  two  outer  instruments  would  be  connected  to 
the  second  wire  of  the  metallic  loop  and  the  earth  left 
out  altogether. 

It  will  be  at  once  seen  that  when  conversation  is 
being  carried  on  between  persons  using  any  two  of 
these  three  instruments  the  speaking  current  will 
necessarily  have  to  pass  through  the  bell  coils  of  the 
third  one  ;  and  if,  as  a  further  example,  instead  of 
there  being  three  instruments  only  joined  to  the  cir- 


Fig.  129. 

cuit  there  were  six,  the  current  would  have  to  pass 
through  the  bell  coils  of  four  of  them,  the  result  being 
that  the  speaking  would  be  greatly  weakened,  owing 
to  the  resistance  of  these  coils  thus  introduced  into 
the  circuit  and  to  their  self-inductance  or  electro- 
magnetic inertia.  For  these  reasons  therefore  it  is 
not  desirable  to  join  instruments  up  to  party  lines  in 
series,  but  the  far  more  efficient  method  should  be 
adopted  of  connecting  them  up  in  parallel,  as  shown 
in  Fig.  1*29,  which  represents  four  instruments  joined 
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up  in  this  way  to  a  metallic  circuit,  two  of  these 
instruments  it  will  be  observed  being  joined  in  series 
at  opposite  ends  of  the  circuit,  and  the  other  two 
bridged  across  it. 

With  this  method  of  working  the  self-induction  of 
the  bell  coils  of  the  intermediate  instruments  exer- 
cises 110  detrimental  effect  upon  the  speaking,  but 
on  the  contrary  chokes  or  checks  the  passage  of  the 
speaking  current,  which  is  of  high  frequency,  to  such 
an  extent  that  but  a  very  small  fraction  of  it  will 
pass  through  the  bell  coils,  the  greater  portion  travel- 
ling directly  over  the  line  circuit  between  the  two 
instruments  through  which  conversation  is  being 
carried  on. 

In  order  to  increase  the  impedance  due  to  the  self- 
inductance  of  the  bell  coils  they  are  generally  wound 
to  a  high  resistance,  usually  about  one  thousand  ohms. 
Although  the  speaking  current  is  choked  in  this  way, 
the  ringing  current,  which  is  of  low  frequency,  is 
not  similarly  acted  upon,  and  110  difficulty  will  be 
experienced  in  signalling,  even  when  a  considerable 
number  of  instruments  are  connected  to  the  circuit, 
if  a  good  magneto-generator  is  used,  which  is  the 
source  of  current  now  generally  employed  for  the  pur- 
pose of  signalling  over  telephone  lines.  An  efficient 
generator  will  ring  a  bell  through  a  resistance  of  as 
much  as  twenty-five  thousand  ohms  and  even  more. 

One  other  method  of  joining  instruments  to  party 
lines  is  to  connect  one  part  of  the  secondary  coil  of 
the  transmitter  and  one  part  of  the  receiver  coils  to 
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one  of  the  wires  forming  a  metallic  circuit,  and  the 
other  portions  of  these  coils  to  the  second  wire.  The 
carrying  out  of  this  plan  necessitates  the  double 
winding  of  all  the  transmitter  and  receiver  coils  of 
the  instruments  joined  to  the  circuit,  which  entails 
considerable  expense,  and  at  the  same  time  gives 
rise  to  electrical  difficulties  which  might  prove  very 
troublesome  to  overcome ;  such  a  method  of  connect- 
ing up  is  therefore  not  to  be  recommended,  and  as 
a  matter  of  fact  it  has  never  yet  been  tried  except 
experimentally. 

A  plan  frequently  adopted  in  America  in  order  to 
overcome  the  evil  effects  of  induction  and  other  in- 
fluences which  tend  to  impair  the  speaking  over  an 
earth  circuit,  and  to  save  the  heavy  cost  involved  in 
providing  a  separate  metallic  circuit  for  each  sub- 
scriber to  an  exchange  system,  is  to  use  a  common 
return  wire  for  a  large  number  of  subscribers'  circuits 
instead  of  the  earth,  and  this  plan  has  met  with  a 
considerable  amount  of  success.  The  return  wire 
should  be  of  large  size,  but  expert  opinion  differs 
considerably  as  to  what  is  the  proper  size  of  wire  to 
use  for  this  purpose,  and  also  with  regard  to  the 
position  in  which  it  should  be  fixed  upon  the  poles. 
In  some  instances  it  is  carried  on  the  top  of  the  pole 
near  the  centre  of  the  top  arm,  and  sometimes  in  a 
similar  position  near  the  bottom,  or  centre,  arm.  The 
latter  position  is  perhaps,  from  an  electrical  point  of 
view,  the  best  in  which  to  place  this  return  wire,  as 
it  then  bears  a  more  symmetrical  relation  to  the  rest 
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of  the  wires  than  would  be  tlie  case  if  fixed  in  any 
other  part  of  the  pole.  In  some  cases  the  common 
return  wire  is  earthed  at  various  points  along  its 
length,  and  in  other  cases  at  the  Exchange  end  only. 
Opinion  differs  however  considerably  on  this  matter 


Fig.  130. 

also.  By  many  engineers  it  is  contended  that  the 
return  wire  should  be  kept  entirely  free  from  earth, 
and  probably,  all  things  considered,  this  is  the  best 
plan  to  adopt. 

Fig.  130  illustrates  the  method  of  connecting  up 
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a  number  of  exchange  subscribers'  lines  to  a  common 
return  wire  in  the  manner  described,  the  return  wire 
being  shown  without  any  earth  connected  to  it. 

A  simple  metallic  circuit  is  illustrated  in  Fig.  131. 
It  consists,  as  will  be  observed,  of  two  wires  con- 
necting instruments  joined  to  their  ends,  which  may 
be  only  a  few  yards  or  hundreds  of  miles  apart,  a 
connexion  to  earth  forming  no  part  of  the  circuit  at 
all.  This  method  of  connexion  is  the  only  one  yet 


Fig.  131, 

devised  which  successfully  counteracts  the  evil  effects 
of  induction  and  other  influences  to  which  earth  cir- 
cuits are  subject. 

To  attain  this  most  desirable  result  it  is  however 
necessary  that  the  two  wires  shall  be  kept  equi- 
distant throughout  their  entire  length  from  all  sources 
of  disturbance. 

As  already  explained,  every  wire  through  which 
an  electric  current  is  flowing  is  surrounded  by  a 
magnetic  field  of  force,  or  magnetic  whirl  as  it  is 
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sometimes  termed,  which  is  set  up  by  the  current, 
and  varies  in  intensity  with  its  strength.  A  wire 
therefore,  for  example,  carrying  a  heavy  current,  say 
for  electric  lighting  or  traction  purposes,  would  be 
surrounded  by  these  lines  of  force,  and  assuming  this 
wire  to  be  running  in  close  proximity  to  and  parallel 
with  a  telephone  wire,  these  lines  of  force  would  be 
cut  by  the  latter  wire,  and  an  induced  or  secondary 
current  set  up  in  it.  If  the  current  flowing  in  the 
electric  light  or  power  wire,  as  the  case  might  be, 
was  of  uniform  strength,  its  lines  of  force  would  not 
vary  after  being  once  set  up,  and  no  disturbance 
would  result  to  the  telephone  circuit ;  but  if  the 
current  flowing  in  the  light  or  power  wire  con- 
tinually varied  in  intensity,  then  the  lines  of  force 
would  also  vary  in  strength  in  unison  with  it,  and 
great  disturbance  in  the  telephone  circuit  would 
in  consequence  be  caused  ;  or  if  the  light  or  power 
current  was  an  alternating  one,  a  like  result  would 
ensue,  as  the  lines  of  force  would  be  constantly 
changing  their  direction.  So  great  is  the  disturbing 
influence  of  an  alternating  current  that  speaking 
over  a  telephone  earth  circuit  where  such  disturbing 
influence  exists  will,  as  a  rule,  be  found  impracticable, 
owing  to  the  overpowering  noise  which  would  be 
heard  in  the  receivers.  If  however  the  telephone  cir- 
cuit is  a  metallic  one,  the  disturbance  caused  would  be 
far  less  serious  ;  and  if  the  position  of  the  two  wires 
are  so  arranged  on  the  poles,  or  in  the  cables  of  which 
they  form  part,  that  they  are  kept  exactly  the  same 
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distance  apart  from  the  disturbing  wire,  the  current 
which  it  carries  will  exercise  absolutely  no  disturbing 
influence  upon  the  telephone  instruments,  no  matter 
whether  this  current  is  alternating  or  otherwise  in  its 
nature,  or  how  powerful  it  may  be.  The  reason  for 
this  being  so  is  that  the  current  induced  in  each 
separate  wire  of  the  telephone  circuit  would  flow  in 
the  same  direction  through  both  of  them,  and,  being 
exactly  equal  in  strength,  the  current  flowing  in  one 
wire  would  neutralize  the  effect  produced  by  that 
flowing  in  the  other,  and  the  result  of  this  perfect 
balance  of  power  would  be  that  no  disturbance  in  the 
telephone  circuit  would  take  place.  If,  however,  one 
of  the  two  wires  of  the  telephone  circuit  was  placed 
nearer  to  the  disturbing  wire  than  the  other,  the  in- 
duced current  flowing  through  it  would  be  stronger 
than  that  set  up  in  the  second  wire  of  the  loop,  as  it 
would  cut  more  of  the  lines  of  force  surrounding  the 
disturbing  wire,  and  the  excess  induced  current  in 
the  one  wire  over  that  in  the  other  would  flow  round 
the  whole  circuit,  and  a  certain  amount  of  disturb- 
ance would  in  consequence  result,  which  would  be 
proportionate  to  the  difference  in  strength  of  the 
opposing  induced  currents.  This  will  be  better  under- 
stood by  referring  to  Fig.  13lA,  which  clearly  shows 
these  conditions,  the  disturbing  circuit  being  repre- 
sented by  the  thick  line,  while  the  large  arrow  shows 
the  direction  in  which  it  is  assumed  a  current  is  flow- 
ing. The  other  two  lines  in  the  diagram  represent 
the  two  wires  of  a  metallic  circuit  connected  to  in- 


1G4 


TELEPHONE  LINES. 


[CHAP. 


struments  at  either  end,  and  the  large  arrows  the 
direction  in  which  the  induced  current  would   flow, 


Fig.  13lA. 

and  the  small  arrows  show  the  direction  in  which  the 
excess  induced  current  set  up  in  one  wire  flows  round 
the  circuit. 

Two  different  methods  are  usually  employed  in 
order  to  keep  the  two  wires  forming  a  metallic  circuit 
equally  distant  from  all  possible  sources  of  disturbance. 

One  of  these  plans,  which  was  first  suggested  by 
the  late  Professor  Hughes,  consists  in  revolving  the 
two  wires  round  each  other,  which  is  usually  accom- 
plished in  the  manner  shown  in  Fig.  132. 


Fig.  132. 
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In  this  sketch  two  metallic  circuits  are  shown. 
Each  separate  wire  makes  a  complete  revolution 
round  its  fellow  in  four  spans,  or  between  every  five 
poles,  and  their  positions  on  each  of  these  poles  will 
be  more  clearly  seen  by  referring  to  the  diagram 
Fig.  132A,  which  shows  the  positions  of  four  circuits. 

This  plan  is  generally  adopted  in  Great  Britain,  and 
very  largely  on  the  continent  also ;  but  objection  is 
by  many  engineers  taken  to  it  on  the  ground  that 
owing  to  the  crossing  of  the  wires  in  the  middle  of 
the  spans  they  are  more  liable  to  get  into  contact  than 
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Fig.  132A. 

would  be  the  case  if  they  were  run  straight  through, 
and  the  tracing  of  such  faults  is  rendered  more  diffi- 
cult, and  that  should  a  wire  break  it  would  twist 
round  other  wires  attached  to  the  same  supports  instead 
of  falling  to  the  ground,  thereby  placing  them  all  in 
contact  together.  The  advocates  of  this  method  of 
wiring,  which  is  commonly  called  the  "  twist  "  sys- 
tem, contend,  on  the  other  hand,  that  practical  ex- 
perience goes  to  prove  that  trouble  due  to  these  causes 
is  on  the  whole  more  imaginary  than  real,  and  that 
if  the  wires  are  properly  regulated  there  is  no  more 
chance  of  their  getting  in  contact  than  if  run  straight, 
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and  that  when  such  faults  do  occur  the  faultsmen  ex- 
perience little  difficulty  in  tracing  them. 

The  second  method  of  running  the  wires  in  order 
to  obtain  the  desired  result  is  known  as  the  " cross"  or 
"transposition"  system,  and  it  was  first  put  into  prac- 
tice in  Scotland  by  Mr.  A.  R.  Bennett,  who,  acting 
upon  a  suggestion  which  he  saw  made  by  an  anonymous 
correspondent  in  some  periodical,  made  many  experi- 
ments, which  eventually  resulted  in  his  determining 
the  correct  method  of  carrying  out  this  plan  in  order 
to  obtain  complete  immunity  from  disturbance.  Mr. 
Bennett  communicated  the  results  of  the  experience 
he  had  gained  in  this  way  in  a  letter  published  in  the 
Electrical  Review  in  the  year  1884.  This  method,  which 
is  almost  universally  employed  in  America  and  is  also 
used  by  several  corporations  in  England  and  Scotland, 

consists  of  transposing  the 
positions  of  the  two  wires  of 
a  metallic  circuit  at  certain 
intervals.  This  transposition 
or  crossing  of  the  wires,  which 
are  run  straight  through  in 
the  ordinary  way,  is  made 
at  the  poles  in  the  manner 
shown  in  Fig.  133,  in  which 
it  will  be  seen  that  the  cross- 
ing is  effected  by  means  of 
stout  wire,  one  of  these  cross 

connecting  wires  being  carried  straight  across  and  the 
other  bent  under  it,  between  the  insulators. 
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When  there  is  more  than  one  circuit  running  on 
the  same  poles  it  is  necessary  that  they  should  each 
have  their  wires  transposed  at  different  points  and 
not  all  at  the  same  place,  otherwise  the  relation 
existing  between  circuit  and  circuit  would  not  be 
altered  and  the  crossing  would  have  no  beneficial 
effect.  The  usual  plan  adopted  is  to  cross  all  the 
pairs  on  the  top  arm  of  the  poles  at  the  same  points, 
which  should  be  about  a  quarter  of  a  mile  apart,  and 
on  the  second  arms  midway  between  the  crossings 


Fig.  134. 

on  the  top  arms,  and  on  the  third  arms  midway  be- 
tween the  crossings  on  the  second  arm,  and  so  on,  the 
number  of  crossings  of  the  wires  made  gradually  in- 
creasing with  each  succeeding  arm  on  the  poles  in  the 
manner  shown  diagrammatically  in  Fig.  134.  If  this 
plan  is  properly  carried  out,  equally  good  results  to 
those  obtained  with  the  twist  system  will  ensue. 
Whether  the  twist  or  cross  system  is  employed,  it  is 
most  necessary  in  order  to  obtain  a  perfect  balance 
between  the  two  wires  of  a  metallic  circuit  that  they 
shall  be  of  exactly  the  same  resistance  and  capacity 
throughout  their  whole  length,  and  be  insulated  in 
the  mosb  perfect  possible  manner. 
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TRANSLATION. 

Until  about  half  a  dozen  years  ago  a  large  number 
of  local  telephone  exchanges  were  worked  on  the 
single  or  earth  wire  system,  and  there  are  at  the 
present  day  many  exchanges  which  continue  to  be  so 
worked. 

Trunk  lines  connecting  one  town  with  another  are, 
however,  invariably  metallic  circuits,  and  in  order 
that  direct  verbal  communication  may  be  carried  on 
over  such  a  circuit  between  two  subscribers  provided 
with  earth  circuits  it  is  necessary  to  connect  the  lines 
in  such  a  manner  that  they  will  not  actually  make 
contact  with  the  metallic  trunk  circuit,  for  should 
they  do  so  the  balance  of  the  latter  circuit  would  be 
at  once  upset. 

To  Mr.  A.  E.  Bennett  is  due  the  credit  of  first 
inventing  a  means  of  satisfactorily  making  connec- 
tions of  this  kind,  in  the  form  of  a  special  kind  of 
induction  coil,  variously  known  as  a  "  Translator  " 
"  Repeater  "  or  "  Transformer."  This  apparatus  con- 
sists of  two  coils  of  silk-covered  copper  wire  wound 
on  a  thin  wooden  bobbin  to  a  resistance  of  about  300 
and  150  ohms  respectively  mounted  on  a  polished 
wood  base,  the  ends  of  the  coils  being  connected  to 
binding  posts  fixed  at  its  four  corners.  Through  the 
centre  of  the  bobbin  a  core  of  soft  iron,  usually  in 
the  form  of  a  number  of  iron  wires,  is  fitted.  Fig.  135 
illustrates  one  of  the  best  forms  of  translator  used, 
which  is  commonly  known  as  the  Liverpool  pattern. 
In  this  make  the  bundle  of  iron  wires  forming  the 
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core  are  of  such  a  length  as  to  allow  of  their  ends 
being  turned  back  over  the  outside  of  the  coils,  thus 
enveloping  them  in  a  complete  metallic  shield,  the 
effect  of  this  being  to  add  very  materially  to  their 
efficiency.  Through  repeaters  of  this  type  signalling 
as  well  as  speaking  can  be  carried  on  by  two  sub- 
scribers employing  earth  circuits  over  an  intermediate 
metallic  circuit,  with  the  greatest  possible  facility, 
under  certain  conditions. 


Fig.  135, 

Two  translators  are  used  with  each  metallic  circuit 
over  which  local  subscribers  having  earthed  circuits 
require  to  speak,  and  the  usual  method  of  connecting 
them  up  is  as  follows  : — 

One  of  the  coils  in  each  of  them  is  joined  directly 
to  the  line  circuit  of  which  they  are  thus  made  to 
form  a  part.  The  second  coils  of  both  translators 
have  one  of  each  of  their  ends  joined  directly  to 
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earth,  and  the  other  ends  are  connected  to  the  local 
subscribers'  earth  circuits  through  the  medium  of 
suitable  switching  apparatus  fitted  in  the  exchange, 
as  shown  in  Fig.  136. 

Assuming  a  current  of  electricity  to  be  flowing 
through  a  local  subscriber's  earthed  circuit  connected 
to  a  translator  in  this  way,  it  will  in  its  passage 
through  the  coil  induce,  or  set  up,  a  second  current 
in  the  coil  directly  connected  to  the  line  circuit,  which 


Fig.  136. 

secondary  current  will  flow  through  that  circuit  to 
the  distant  end,  where  it  in  turn  will  induce  yet 
another  current  in  the  coil  there  connected  to  the 
second  local  earth  circuit — the  two  coils  of  each  of 
the  translators  thus  alternately  acting  as  primary 
and  secondary. 

This  translation  of  the  originating  current  involves 
a  reduction  in  the  strength  of  that  received  at  the 
distant  end  of  a  metallic  circuit  of  about  40  per  cent. 
in  the  case  of  "  speaking "  currents  ;  but  notwith- 
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standing  this  loss,  excellent  results  may  be  obtained 
if  a  good  copper  loop  and  efficient  translators  are  used, 
except  in  the  case  of  very  long  lines.  "When  a  long 
single  line  circuit,  whether  it  be  an  exchange  or 
private  line,  is  disturbed  by  excessive  induction — as, 
for  example,  from  an  electric  light  circuit  which  runs 
parallel  with  it  for  a  short  portion  of  its  length  only 
— such  disturbance  may  be  greatly  reduced  in  extent, 
and  sometimes  altogether  nullified,  by  making  that 
portion  of  the  telephone  circuit  metallic,  its  ends 
being  joined  to  Translators,  as  shown  in  Fig.  137. 


Fig.  137. 

By  following  this  plan  the  necessity  for  making  the 
whole  telephone  circuit  metallic  in  order  to  overcome 
the  effect  of  induction  and  the  consequent  expense 
which  this  would  involve  may  often  be  avoided. 

Although  this  method  of  working  exchange  and 
trunk  lines  has  in  the  past  proved  itself  to  be  a  con- 
venient and  economical  one,  it  is  no  longer  considered 
efficient  enough,  and  it  is  now  generally  recognized 
that  the  most  perfect  possible  telephonic  communica- 
tion is  only  obtainable  by  the  use  of  complete  metallic 
circuits*  both  for  trunk  and  local  lines.  For  several 
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years  past  the  work  of  converting  single  into  metallic 
line  circuit  exchange  systems  has  been  in  active  pro- 
gress, and  at  the  present  time  there  are  few  exchanges 
of  any  importance  either  in  Great  Britain  or  abroad 
which  are  not  now  worked  on  the  twin  wire  plan,  and 
the  practice  of  so  working  them  will  before  very  long 
have  become  a  universal  one,  a  few  small  isolated 
exchanges  only,  having  a  purely  local  service,  being 
perhaps  still  worked  on  the  single  wire  system. 

Mr.  J.  S.  Van  Rysselbergh,  late  consulting  elec- 
trician to  the  Belgian  Administration  of  Posts  and 
Telegraphs,  was  the  inventor  of  yet  another  method 
of  nullifying  the  disturbance  on  a  telephone  earth 
circuit  caused  by  induction  from  a  telegraph  wire 
running  parallel  with  it.  The  idea  suggested  itself 
to  him  that  by  placing  an  electro-magnetic  coil  in  the 
telegraph  line  circuit  the  disturbing  effects  would  be 
less  noticeable  in  the  telephone  circuit  owing  to  the 
damping  or  retarding  effect  exercised  upon  the  current 
flowing  over  the  telegraph  circuit,  due  to  the  electro- 
magnetic inertia  of  the  coil,  and  by  many  practical 
experiments  he  proved  that  this  theory  was  a  correct 
one.  He  found  that  instead  of  the  current  sent  over 
a  telegraph  wire  rushing  suddenly  on  to  it  the  mo- 
ment the  Morse  key  was  pressed  down,  it  was  retarded 
by  the  coil,  and  became  more  undulating  in  character, 
and  that  the  coil  also  tended  to  prevent  the  sudden 
cessation  of  the  current  on  the  key  being  raised 
again. 

As  the  result  of  further  experiments  it  was  found 
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that  if  instead  of  using  one  coil  only  two  were  em- 
ployed, the  advantage  gained  was  considerably  greater, 
one  coil  being  inserted  in  the 
circuit  between  the  Morse  key 
and  the  line  wire,  and  the 
other  between  the  front  con- 
tact of  the  key  and  the 
battery,  and  a  still  further 
advantage  resulted  by  con- 
necting the  line  terminal  to 
one  side  of  a  "  condenser," 
having  its  other  side  con- 
nected to  earth  as  shown  in  Fig.  138. 

The  effect  of  using  the  condenser  is  that  when  a 
current  from  the  battery  is  sent  out  on  to  the  line  by 
depressing  the  Morse  key,  a  certain  portion  of  it  is 
absorbed  by  the  condenser,  and  on  the  key  being 
raised  is  discharged  on  to  the  line,  thus  preventing 
a  too  rapid  discharge  of  the^  major  portion  of  the 
current  from  the  line.  The  condenser  thus  performs 
a  similar  function  to  that  of  the  electro-magnetic 
coils,  the  only  difference  being  that  by  the  one  means 
the  charging  and  discharging  of  the  line  is  retarded 
and  by  the  other  its  discharging  only.  It  is  found 
that  the  best  results  are  obtained  by  using  coils  of 
500  ohms  resistance  and  condensers  having  a  capacity 
of  two  "  microfarads."  The  use  of  this  apparatus  will 
not  entirely  prevent  induction  due  to  a  current  flow- 
ing over  a  telegraphic  circuit,  but  will  only  make  its 
effects  less  noticeable.  Instead  of  hearing  the  sharp 
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clicking  noise  in  a  telephone  receiver  resulting  from 
induction  from  a  telegraph  wire,  a  much  less  sharply 
denned  noise  will  be  heard  of  an  undulating  character. 

COMBINED  TELEPHONE  AND  TELEGRAPH  CIRCUITS. 

The  success  attendant  upon  the  practical  application 
of  his  anti-induction  apparatus  led  Mr.  Van  Ryssel- 
bergh  to  consider  whether  he  could  not  by  employing 
somewhat  similar  apparatus  solve  the  problem  of 
simultaneously  telephoning  and  telegraphing  over  the 
same  circuit,  and  this  object  he  eventually  succeeded 


Fig.  139. 

in  successfully  attaining,  and  many  trunk  circuits 
on  the  continent,  particularly  in  France,  Belgium, 
and  Switzerland,  are  now  working  on  the  system  he 
devised,  and  it  is  also  employed  in  Berlin  and  other 
places,  in  connexion  with  fire  alarm  and  similar  cir- 
cuits. 

Fig.  139  shows  the  arrangement  necessary  for  work- 
ing in  this  way.  The  end  of  the  line  wire  is  joined  to 
one  coating  of  a  condenser,  having  a  capacity  of  one 
half  of  a  microfarad  and  is  also  connected  to  the  tele- 
graph instruments  fitted  with  Van  Rysselbergh's 
anti-induction  apparatus.  The  second  coating  of  the 
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condenser  is  joined  to  the  telephone  instruments  and 
through  them  to  earth.  If  a  similar  arrangement  of 
the  telephonic  and  telegraphic  apparatus  is  made  at 
the  other  end  of  the  line  no  difficulty  whatever  will 
be  experienced  in  transmitting  both  telephonic  and 
telegraphic  messages  t  simultaneously.  If  there  are 
other  telegraph  lines  running  on  the  same  poles  as  the 
line  being  worked  on  the  combined  system,  all  the 
telegraph  instruments  joined  to  them  must  be  pro- 
vided with  the  anti-induction  apparatus  also,  in  order 
that  as  little  disturbance  as  possible  will  ensue  on 
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the  combined  circuit,  due  to  induced  currents  set  up 
by  them  in  that  circuit.  If  a  second  line  is  used  for 
transmitting  both  telephonic  and  telegraphic  messages, 
induction  between  it  and  the  first  circuit  will  take  place, 
and  messages  being  spoken  over  the  one  line  could 
be  easily  overheard  by  any  one  listening  on  the  instru- 
ments fitted  on  the  other  line,  which  would  in  many 
cases  prove  a  very  serious  drawback  to  the  use  of  this 
method  of  working  two  or  more  lines.  In  order  to 
obtain  complete  immunity  from  induction  of  all  kinds 
the  only  really  satisfactory  plan  to  adopt  is  to  use 
metallic  Circuits,  when  the  telephonic  and  telegraphic 
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apparatus  should  be  connected  up  in  the  manner  shown 
in  Fig.  140,  L  and  Z,  being  the  line  wires,  C  C  and 
C  C  the  condensers,  and  T  T  and  T  T  the  telegraph 
instruments  fitted  with  Van  Rysselbergh's  apparatus 
in  the  same  way  as  already  described. 

SUPERIMPOSED  CIRCUITS. 

A  superimposed  or  duplex  circuit  is  one  derived 
from  two  or  four  existing  wires  which  are  being  used 
for  communicating  over  telephonically  in  the  ordinary 
way.  It  is  a  system  of  working  which  is  frequently 
employed  in  order  to  save  the  cost  of  running  addi- 
tional wire  between  points  where  an  extra  circuit  is 
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required,  and  under  favourable  conditions  a  circuit  of 
this  kind  will  work  very  satisfactorily. 

One  method  of  obtaining  such  a  circuit  is  shown  in 
Fig.  141,  in  which  L  and  U  represent  two  wires  form- 
ing an  ordinary  metallic  line  circuit  joined  at  either 
end  to  resistance  coils  R  and  R'.  To  the  centre  points 
of  these  coils  is  joined  one  side  of  the  instruments 
T  and  T  to  be  used  for  conversing  over  the  derived 
circuits,  the  other  sides  of  which  are  connected  to 
earth,  while  between  the  terminals  of  the  coils  the 
instruments  to  be  used  for  speaking  over  the  metallic 
loop  are  connected3  marked  T  T  and  Tf  T. 
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A  current  starting  from  I  will  split  in  two  at  the 
coil  R,  and  one  half  of  it  will  traverse  line  L  and  the 
other  half  line  L'  without  affecting  T  T,  and  will  at 
the  distant  end  of  the  loop  reunite  again  at  R  and 
pass  from  thence  through  T  to  earth.  By  carrying 
out  this  arrangement  T  will  be  enabled  to  speak  and 
signal  to  T  and  T  T  similarly  communicate  with  T  T 
without  any  overhearing  being  noticeable,  providing  a 


Fig.  142. 

perfect  balance  exists  between  the  two  line  wires, 
which  can  only  be  secured  by  making  their  capacity, 
conductivity  and  insulation  exactly  equal.  The 
superimposed  circuit  being,  however,  an  earthed  one, 
will  be  subject  to  all  the  disturbing  influences  almost 
invariably  associated  with  circuits  of  that  kind,  and 
such  being  the  case  this  method  of  obtaining  an  extra 
circuit  is*  seldom  employed  and  is  not  one  to  be  recom- 
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mended.  The  best  plan  to  adopt  is  to  obtain  the  addi- 
tional circuit  by  superimposing  it  over  two  metallic 
loops  in  the  manner  shown  in  Fig.  142. 

In  this  sketch  R  R  and  R  R  represent  four  transla- 
tors, having  their  secondary  coils  respectively  con- 
nected to  the  line  wires,  forming  two  metallic  circuits, 
L  1  and  L  11,  used  as  junction  or  trunk  lines  between 
two  exchanges,  their  centre  points  being  connected  to 
"  spring  jacks  "  J  and  J",  fitted  on  the  switchboards  at 
the  exchanges,  through  the  medium  of  which  con- 
•  nexion  can  be  readily  made  with  any  other  circuit  con- 
nected to  these  switchboards ;  while  the  primary 
wires  of  the  coils  are  connected  to  similar  spring 
jacks,  SS  and  $'$',  by  means  of  which  other  circuits 
can  be  easily  joined  to  them  also. 

Assuming,  by  way  of  example,  that  a  local  metallic 
circuit  is  connected  to  spring  jack  J,  a  current  origi- 
nating at  the  instruments  joined  to  this  line  would, 
on  reaching  R  connected  to  L  1,  split  in  two,  and  half 
of  it  would  traverse  each  of  the  two  wires  forming 
this  line  circuit,  the  two  halves  reuniting  again  at  R, 
without  in  any  way  affecting  instruments  which  may 
at  the  same  time  be  joined  to  S  and  S'.  After  passing 
through  the  instruments  and  local  line  circuit  con- 
nected to  Jf  the  current  would  then  return  in  an 
exactly  similar  manner  to  the  point  from  where  it 
started,  through  R  and  R  and  L  11,  to  which  they 
are  connected,  thus  completing  the  circuit,  which, 
being  a  metallic  one,  will  not  be  affected  in  any  way 
by  inductive  influences  providing  L  1  and  L  11  are 
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perfectly  balanced :  jjj  and  j'j'j'  in  sketch,  are  indica- 
tors for  signalling  purposes  connected  in  parallel  with 
the  spring  jacks. 

The  translators  used  in  connexion  with  this  method 


Fig.  143. 

of  superimposing  have  their  secondary  coils  differ- 
entially wound  on  the  bobbins  with  the  object  of 
getting  rid  of  their  self  induction  as  shown  in  Fig. 
143. 
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CHAPTER  XI. 

AEKIAL      CABLES. 

WHEN  no  more  room  can  be  found  011  a  route  of  poles 
or  other  supports  for  carrying  further  open  wires, 
recourse  is  usually  had  to  the  use  of  cables  made  up  of 
a  number  of  wires,  each  one  being  of  course  separately 
insulated  from  all  the  remainder.  These  cables  are 
suspended  as  a  rule  to  steel  carrying  wires,  to  which 
they  are  attached  by  means  of  hangers,  hooks,  leather 
thongs,  or  similar  suitable  devices. 

There  are  many  advantages  derivable  from  the  use 
of  aerial  cables,  apart  from  the  very  important  one  of 
occupying  far  less  space  than  would  be  occupied  by  an 
equal  number  of  open  wires  to  those  which  such  a 
cable  may  contain.  One  advantage  is,  that  much  less 
stress  is  put  upon  the  supports  than  would  be  caused 
by  open  wires,  particularly  if  snow  adheres  to  them 
when  a  strong  wind  is  blowing,  as  it  often  does,  some- 
times with  very  disastrous  results.  Open  wires  are 
much  affected  by  changes  of  temperature,  expanding 
considerably  in  hot  weather,  and  in  cold  contracting 
frequently  to  such  an  extent  that  they  break  and  it  is 
probably  to  this  cause  and  bad  regulation  and  binding 
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into  insulators  as  much  as  to  the  actual  weight  of 
snow  upon  them  that  the  breaking  of  snow-laden 
wires  is  due. 

Wires  in  cables  are  of  course  affected  in  a  similar 
manner  but  not  to  anything  like  the  same  extent,  as 
they  are  not  exposed  to  the  atmosphere  but  well  pro- 
tected from  it.  Yet  one  other  advantage  which  a 
cable  possesses  is,  that  there  is  little  chance  of  the 
various  wires  getting  in  contact  with  each  other,  or 
of  their  use  being  interrupted  from  any  of  the 
numerous  causes  to  which  bare  wires  are  so  often 
subject,  providing  of  course  that  the  cable  is  in  itself 
in  an  efficient  condition. 

An  overhead  cable  should  be  made  as  light  as  pos- 
sible consistent  with  its  being  strong  enough  to  with- 
stand any  stress  there  is  any  likelihood  it  may  be 
subjected  to.  The  dielectric  separating  the  various 
wires  should  be  of  the  highest  possible  electrical  effi- 
ciency, and  the  protecting  coverings  over  the  core 
should  be  thoroughly  waterproof,  and  the  material  of 
such  a  nature  that  it  will  not  be  deleteriously  affected 
by  climatic  influences. 

The  first  cost  of  erecting  wires  made  up  in  cables 
is  greater  than  would  be  the  cost  of  erecting  an  equal 
number  of  open  wires  when  the  number  of  wires  to 
be  provided  is  small,  but  when  a  large  number  are 
required  then  a  cable  would  be  the  less  expensive. 

Although  cables  possess  many  important  advantages 
there  is  on  the  other  hand  one  great  disadvantage 
which  they  also  possess,  which  has  in  the  past  seri- 
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ously  militated  against  their  use,  viz.,  the  high  electro- 
static capacity  of  the  wires,  which,  although  com- 
paratively low  in  some  types  of  cable,  in  all  of  them 
far  exceeds  that  of  open  wires.  So  detrimental  is  this 
influence  in  the  case  of  gutta-percha  and  rubber  in- 
sulated cable  wires,  that  the  limiting  distance  of 
speech  over  them  is  not  more  than  between  seventy 
and  eighty  miles,  and  in  order  to  obtain  results  com- 
mercially useful  about  twenty  miles  less. 

Capacity,  as  has  already  been  stated,  is  the  prin- 
cipal factor  determining  the  ultimate  limit  of  speech 
over  a  wire,  and  the  reason  why  wires  made  up  in  the 
form  of  a  cable  are  more  affected  by  this  influence 
than  open  wires  is,  that  in  the  one  case  the  only 
chance  a  static  charge  has  of  escaping  is  at  the  ends 
of  the  wires,  while  in  the  other  case  every  pole  or 
other  support  offers  a  more  or  less  ready  means  by 
which  it  may  escape  to  earth. 

The  electrostatic  capacity  of  different  types  of 
cable  varies  considerably,  which  is  due  to  the  varying 
specific  inductive  capacities  of  the  different  materials 
used  as  dielectrics,  and  for  many  years  the  attention 
of  cable  manufacturers  has  been  devoted  to  discover- 
ing some  substance  in  which  the  inductive  capacity  is 
a  minimum  quantity.  The  best  results  so  far  have 
been  obtained  by  using  thoroughly  dry  paper  loosely 
laid  between  the  conductors  in  such  a  way  that  dry 
air  can  circulate  round  the  latter  throughout  their 
entire  length. 

The  specific    inductive  capacity  of   any    substance 
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used  as  a  dielectric  is  the  power  it  possesses  of  absorb- 
ing or  retaining  a  charge  of  electricity  when  placed 
between  two  conductors. 

Dry  air  having  the  lowest  specific  inductive  capa- 
city of  any  usable  insulating  medium  yet  discovered, 
is  usually  taken  as  a  standard  by  which  to  gauge  the 
relative  specific  inductive  capacities  of  other  sub- 
stances used  as  insulators,  and  these  have  been  found 
by  experiment  to  be  as  follows  : — 

Dry  Air I'OO 

Glass         .         .       <V        .  .  3-013 

Shellac      .      ^      .     >%*  .  2-74 

Sulphur    .       •".'*'  :'^'    I  .  2-580 

GuttaPercha    .  ".        ^  .  2*462 

Ebonite     .     '   ,         .         .  .  2-284 

India  Eubber    .  '  .  .'      .  .  2-220 

Paraffin  ;r      ,,.,       ...      .  .  1*994 

The  electrostatic  capacity  of  a  cable  varies  in- 
versely as  the  square  of  the  distance  between  the 
wires,  directly  in  proportion  to  their  area,  and  directly 
as  the  specific  inductive  capacity  of  the  substance 
used  in  its  manufacture  as  a  dielectric.  This  means 
that  the  best  results  will  be  obtained  with  a  cable  in 
which  the  wires  are  kept  as  far  apart  as  possible  by 
an  insulating  medium  having  the  lowest  specific  in- 
ductive capacity,  and  by  the  wires  being  of  small 
diameter  and  low  resistance. 
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These  qualifications  being  most  nearly  attained  in 
cables  in  which  paper  and  dry  air  are  the  insulating 
medium  employed,  this  type  technically  known  as 
"  Dry  Core  "  is  now  universally  employed  in  prefer- 
ence to  any  other.  Cables  insulated  with  rubber, 
gutta-percha,  and  other  substances  are  however  still 
in  use  in  many  places  in  considerable  numbers.  The 
number  of  wires  in  an  overhead  cable  should  not  be 
so  great  as  to  make  it  excessively  heavy  and  unwieldly. 
The  largest  cable  of  this  kind  should  not  011  this  ac- 
count contain  more  than  about  100  pairs  of  wires  if 
of  the  dry  core  type,  or  half  that  number  if  of  any 
other  ;  cables  containing  14,  26  or  52  pairs  of  wires 
are  most  generally  employed.  Those  used  by  the 
British  Post  Office  contain  as  a  rule  not  more  than  14 
pairs  of  wires  if  insulated  with  rubber  or  any  other 
substance  other  than  paper  and  they  are  manufactured 
in  the  following  manner  :— 

The  conductors,  each  one  composed  of  three  strands 
of  copper  wire,  having  a  total  resistance  of  about  45 
ohms  per  mile,  are  first  separately  covered  with  two 
coatings  of  compounded  indiarubber,  when  they  are 
tested  while  laid  in  water,  for  insulation  resistance 
and  electrification.  If  these  tests  prove  satisfactory  a 
rubber-coated  cotton  tape  is  then  wrapped  round  each 
conductor  longitudinally  and  saturated  with  ozokerit. 

The  required  number  of  conductors  so  prepared  are 
then  twisted  in  pairs  and  laid  up  together,  after 
which  the  core  thus  formed  is  protected,  first  with  a 
serving  of  jute,  and  next  with  a  stout  cotton  tape 
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impregnated  with  a  bituminous  compound.  Over  this 
again  a  layer  of  hemp  is  laid,  which  is  well  saturated 
with  a  compound  of  well  boiled  gas  tar.  and  finally 
another  bituminously  prepared  tape  is  wrapped  on 
and  well  covered  with  a  silicated  compound.  A  com- 
pact and  durable  cable  is  thus  formed  which  is  quite 
impervious  to  moisture. 

Another  and  a  very  efficient  cable  of  the  same  type 
is  that  very  largely  used  in  the  past  by  the  National 
Telephone  Company,  many  miles  of  which  are  still  in 
use.  The  conductors  consist  of  thinly  tinned  single 
copper  wires  about  36  mils  in  diameter,  having  a 
resistance  of  about  43  ohms  per  mile.  As  a  dielectric 
each  wire  is  covered,  first,  with  a  layer  of  pure  rubber 
of  the  best  possible  quality,  and  then  with  a  second 
layer  of  the  same  material,  but  well  vulcanized,  both 
layers  being  accurately  centred  round  the  wire,  and 
finally  wrapped  with  specially  prepared  waterproof 
tape.  The  conductors  so  insulated  from  each  other 
are  then  twisted  together  in  pairs  with  a  right-handed 
lay  of  four  inches,  one  conductor  being  coloured  red 
and  the  other  black  to  facilitate  identification.  As 
many  pairs  as  are  required  are  then  laid  up  together 
in  reverse  layers,  one  pair  in  each  layer  being  coloured 
black.  The  whole  core  is  then  lapped  with  specially 
prepared  waterproof  tape,  with  an  overlap  of  a  quarter 
of  an  inch,  and  over  this  again,  as  a  final  protection, 
two  stout  braidings  of  cotton  are  laid,  thoroughly 
saturated  with  ozokerit  or  some  similar  damp-proof 
compound.  The  specified  insulation  resistance  of  cable 
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made  in  this  way  must  not  be  less  than  600  megohms, 
and  the  capacity  must  not  exceed  -33  microfarads,  per 
mile. 

JOINTING  RUBBER  INSULATED  CABLES.  The  method 
usually  employed  of  jointing  two  lengths  of  this 
make  of  cable  together  is  as  follows  :— 

The  two  cable  ends  are  first  stripped  of  their  outer 
protecting  coverings,  leaving  each  of  the  conductors 
with  its  rubber  coatings  exposed  for  a  length  of  9 
inches,  care  being  taken  not  to  cut  through  them. 
The  ends  of  the  wires  are  then  stripped  of  their  rubber 
coverings  for  a  length  of  4  inches  and  joined  together 
in  the  usual  manner  and  carefully  soldered,  first  being 
thoroughly  cleaned  with  spirits  of  naphtha  ;  ordinary 
common  naphtha  will  not  do  for  this  purpose,  as  it 
is  of  a  greasy  nature.  Each  soldered  joint  is  then 
covered  with  the  following  lappings  in  the  order 
named  : — 

First,  two  layers  of  pure  rubber  strip  \  inch  wide. 
Second,  a  drab  coloured  rubber  strip  for  a  length 

of  1J  inches. 
Third,    two    layers    of    compound   rubber    strip 

coloured  black,  for  a  length  of  If  inches. 
Fourth,  two  layers  of  single  proof  tape,  the  first 
for  a  length  of  5J  inches  with  a  right  hand 
lay,  and  the  second  for  a  length  of  6J  inches 
with  a  left  hand  lay. 

The  conductors  thus  covered  are  then  vulcanized  or 
cured,  which  process  consists  of  laying  them  in  a  bath 
of  sulphur  wax  compound  heated  to  a  temperature  of 
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between  260°  and  280°  Fahrenheit.  If  the  compound 
is  heated  to  higher  than  290°  it  will  be  spoiled,  and 
will  have  to  be  made  over  again.  Immersion  in  the 
sulphur  bath  is  continued  for  half  an  hour,  when  the 
conductors  are  taken  out  and  wiped  dry  with  cotton 
waste,  care  being  taken  to  do  the  wiping  in  one  direc- 
tion only,  so  as  to  avoid  the  chance  of  rucking  up  the 
tape.  After  being  tested,  the  whole  of  the  conductors 
are  then  covered  with  a  lapping  of  plain  tape,  coated 
with  Stockholm  tar,  and  an  external  covering  of  tape 
coated  with  ozokerit. 

Owing  to  the  wires  in  the  type  of  cable  last  described 
being  of  small  size  and  it  being  in  other  respects  un- 
suitable for  connecting  directly  on  to  open  wires,  short 
lengths  of  a  heavier  make  of  the  same  class  are  usually 
joined  on  to  the  ends  for  leading  in  to  test  rooms  and 
similar  terminating  purposes.  Cables  of  this  type 
when  kept  in  stock  should  not  be  left  exposed  to  the 
weather,  as  water  lying  round  the  inner  convolutions 
on  the  drum  will,  if  allowed  to  remain  any  length  of 
time,  exercise  a  very  injurious  effect  upon  them.  The 
ends  also  should  always  be  well  closed  with  a  wrapping 
of  waterproof  tape,  to  prevent  damp  working  in  be- 
tween the  conductors.  Too  much  care  cannot  be 
exercised  in  handling  "cables  of  this  kind,  as  they  are 
very  easily  injured.  Sharp  bends  and  kinks  should 
be  particularly  avoided. 

A  type  of  aerial  cable  which  has  been  extensively 
employed  is  that  illustrated  in  Fig.  144,  devised  and 
manufactured  by  Messrs.  Glover  &  Co.  with  the 
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special  object  of  minimizing  the  effects  of  electro- 
magnetic induction.  The  conductors  of  No.  18  SWGr 
copper  wire  are  each  insulated  with  two  layers  of  pure 
rubber  of  the  best  quality  laid  on  in  reverse  lay  and 
then  with  a  specially  prepared  rubber  tape.  The  con- 
ductors thus  covered,  after  being  twisted  in  pairs,  are 
formed  into  a  core.  One  wire  in  each  layer,  in  addition 
to  its  ordinary  coverings,  is  served  with  a  wrapping 
of  metallic  foil,  and  each  complete  layer  of  wires  is 
also  entirely  sheathed  with  the  same  material.  By 
this  means  metallic  connexion  between  the  whole 


Fig.  144.  Fig.  145. 

of  the  coverings  of  wires  in  the  cable  is  obtained  of 
large  area  and  low  resistance,  which  is  connected  to 
earth,  a  ready  path  being  thus  provided  for  the  escape 
of  induced  currents,  thus  to  some  extent  neutralizing 
their  effects.  The  external  covering  of  this  make  of 
cable  consists  of  two  stout  cotton  braidings  thoroughly 
impregnated  with  a  waterproof  compound. 

Fig.  145  is  a  section  of  another  make  of  cable  also 
manufactured  by  Messrs.  Glover  &  Co.,  commonly 
known  as  the  "  Magpie."  The  conductors  are  in- 
sulated in  the  same  manner  as  in  the  cable  last 
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described,  but  they  are  laid  up  in  double  pairs,  one 
pair  being  coloured  white  and  the  other  black,  and  are 
so  arranged  that  any  pair  can  be  at  once  identified  at 
any  point  in  a  section,  which  is  of  considerable  advan- 
tage when  testing.  When  the  core  is  formed  of  the 
required  number  of  pairs,  a  double  layer  of  metallic 
foil  is  laid  on,  then  two  layers  of  prepared  tape, 
and  an  external  covering  of  stout  cotton  braiding 
thoroughly  soaked  with  a  waterproof  and  preserva- 
tive compound. 

Many  other  forms  of  so-called  anti-induction  cables 
have  been  and  are  still  used  to  a  considerable  extent. 
In  some  of  these  each  conductor  is  separately  wrapped 
in  metallic  foil,  which  is  connected  to  earth.  One 
form  of  this  type  of  cable,  which  is  largely  used  on 
the  continent,  has  each  conductor,  after  being  insul- 
ated with  rubber,  wrapped  with  metal  foil,  the  whole 
of  them  being  then  centred  round  a  core  made  of 
several  galvanized  steel  wires  which  is  connected  to 
earth,  as  shown  in  Figs.  146  and  147. 

Another  typical  make  of  aerial  cable  is  that  known 
as  the  "  Crawford,"  the  wires  of  which,  usually  twenty- 
seven  in  number,  are  insulated  with  yarn  impregnated 
with  a  bituminous  compound  and  separately  cased  in 
tinfoil.  In  the  centre  of  the  core,  formed  in  the  usual 
way,  a  bare  copper  wire  is  laid  and  connected  to  earth. 
A  covering  of  cotton  stuff  is  then  laid  round  the 
whole  core,  which  is  surrounded  with  a  sheathing  of 
lead  served  with  oxide  of  zinc  as  a  preservative. 

"  Dry.  core  "  cables  are  however  now  the  only  kind 
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Fig.  146. 
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employed  as  a  rule,  and  the  best  practice  dictates  the 
use  of  none  other,  owing  to  the  very  great  advantages 


Fig.  147. 

they  possess  of  low  electrostatic  capacity  and  high 
insulation  resistance,  and  to  the  fact  that  a  very  much 
larger  number  of  wires  can  be  contained  in  a  cable  of 
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this  type  without  making  it  too  cumbersome  than  in 
any  other  description.  Those  containing  14,  26, 52,  and 
102  pairs  are  most  generally  employed.  The  conduc- 
tors of  single  copper  wire  vary  in  size  from  No.  18  to 
No.  22  SWG,  and  are  insulated  from  each  other  by 
strips  of  specially  prepared  paper  about  three-eighths 
of  an  inch  wide,  either  laid  on  longitudinally  or 
wrapped  round  spirally.  In  some  makes  the  two 
conductors,  forming  a  metallic  loop,  are  laid  one  on 
each  side  of  the  paper  and  then  twisted  together.  In 
whatever  manner  the  paper  is  used  in  order  to  insulate 
the  conductors  from  one  another,  it  is  essential  that 
they  should  only  encircle  them  loosely  and  so  as  not 
to  interfere  with  the  free  circulation  of  air  between 
the  paper  and  wire,  for  the  larger  this  air  space  is,  the 
lower  will  the  capacity  of  the  cable  be.  The  required 
number  of  covered  conductors,  after  being  twisted 
together  in  pairs,  are  laid  up  together  in  layers  which 
revolve  spirally  round  each  other  with  an  alternate 
right  handed  and  left  handed  lay.  In  some  makes  of 
this  class  of  cable  each  pair  of  conductors,  in  addition 
to  their  own  paper  coverings,  is  enclosed  in  another 
wrapping  of  the  same  kind. 

The  completed  core  is  next  served  with  a  braiding 
of  cotton  or  plain  cotton  tape,  over  which  is  drawn  a 
vulcanized  indiarubber  tuba  protected  by  a  stout 
cotton  braiding  or  tape,  as  shown  in  Fig.  148. 

The  necessity  for  using  the  greatest  possible  care 
in  handling  dry  core  cables  is  even  greater  than  in 
the  case  of  those  in  which  rubber  or  other  similar 
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substance  is  employed  as  an  insulating  medium,  as  it 
becomes   perfectly  useless  for   telephonic  purposes  if 


Fig.  148. 

the  least  degree  of  damp  is  allowed  to  get  inside  the 
vulcanized  rubber  tube,  which  must  therefore  be  kept 
absolutely  air  and  water  tight. 

The  method  employed  of  jointing  this  particular 
form  of  cable  is  as  follows  :  The  outer  coverings  of  the 
ends  of  the  two  sections  it  is  required  to  join  together 
are  stripped  back  for  a  sufficient  length  to  allow  of 
the  conductor  joints  being  made,  which  will  of  course 
vary  with  the  size  of  the  cable.  The  inner  cotton 
braiding  or  tape  is  then  also  stripped  back  to  within 


Fig.  149. 

4  inches  of  the  ends  of  the  rubber  tubes.     One  end 
of  a  brass  tube,  technically  known  as  a  "  connector," 
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is  then  inserted  under  the  rubber 
tube  of  each  section,  and  between 
it  and  the  cotton  tape  or  braiding- 
covering  the  core.  Over  the  end  of 
the  rubber  tube  and  along  part  of 
the  connector,  a  plain  tape  is  then 
wrapped  and  tightly  bound  round 
with  tinned  copper  binding  wire  in 
the  manner  shown  in  Fig.  149,  and 
over  this  wire  again  stout  ozokerit 
tape  is  bound. 

When  the  brass  connectors  have 

been  fastened  011  to  the  two  cable 

ends,  a  lead  sleeve  of  suitable  length 

§    is   drawn   over   one  of   them,  after 

t&b  which   the   conductors   are    jointed 

^    together  in  the  same  manner  as  in 

the  case  of   underground  cables   of 

the  same  type  as  described  in  a  later 

chapter,    with   the    exception    that 

the  joints  are  soldered,  resin  being 

generally  used  as  a  flux.     Over  the 

whole   of  the  jointed  conductors  is 

then   wrapped    a   plain  cotton  tape 

1^-  inches  wide,  laid  on  without  any 

overlap.      The   lead   sleeve   is  then 

drawn    over    the    completed    splice 

and    the   ends   sealed  by  means   of 

plumbers'   joints    wiped    on   to    the 

connectors,    which    are    tinned    for 
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this  purpose,  as  shown  in  Fig.  150,  which  represents 
a  longitudinal  section  of  half  a  joint  made  in  this  way. 
A  similar  make  of  dry  core  cable  exactly,  so  far  as  the 
core  is  concerned,  is  also  much  used,  the  protecting 
sheathing  differing  only,  it  being  in  the  form  of  a  lead 
tube  instead  of  one  made  of  vulcanized  indiarubber, 
and  is  identical  with  a  similar  make  of  cable  used 
underground,  which  is  more  minutely  described  in 
another  chapter. 

In  America  it  is  the  practice  to  pour  boiling  paraffin 
wax  over  the  ends  of  dry  core  cables  immediately 
upon  their  being  opened  preparatory  to  jointing,  and 
when  the  joints  in  the  conductors  have  all  been  made, 
they  are  boiled  out  with  the  object  of  extracting  any 
moisture  that  may  remain  in  the  paper  coverings. 
This  process  consists  simply  of  ladling  boiling  paraffin 
wax  over  the  splice  until  there  is  not  an  air  bubble  to 
be  seen  upon  it. 

For  suspending  aerial  cables  between  two  supports 
galvanized  steel  wire  is  generally  used,  having  a 
diameter  of  130  mils  (No.  10  SWG)  and  a  breaking 
strain  of  about  800  Ibs.  Two  such  wires  should  be 
employed  for  carrying  cables  containing  any  number 
up  to  52  pairs  of  wires,  and  three  for  cables  con- 
taining a  larger  number.  They  should  be  twisted 
together  and  each  one  strained  up  separately,  so  that 
the  same  tension  is  put  upon  them  all.  Steel  cable  is 
also  much  used,  particularly  in  America,  for  suspend- 
ing overhead  cables.  Various  methods  are  employed 
for  fastening  suspending  wires  or  cables  to  their  sup- 
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ports.     One  very  good  method  is  shown  in  Fig,  151, 
and  in  Fig.  152  yet  another,  in  which  it  will  be  ob- 


Fig.  151. 

served  attachment  is  made  to  strong  shackles  clipped 
on  the  pole. 

Many  other  devices  all  more  or  less  suitable  are  also 
often  employed  in  the  form  of  a  clip,  after  the  type 
illustrated  in  Fig.  153.  The  cables  are  attached  to 
suspending  wires  by  various  means.  One  very  corn- 


Fig.  152. 

mon  plan  is  to  use  cowhide  slings   for  this  purpose, 
6|  or  7-j-  inches  long,  as  shown  in  Fig.  154,  which  also 
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Fig.  153. 

should  be  fixed 
apart. 

Another  method  of 
attaching  a  cable  to  a 
suspending  wire  is  by 
means  of  two  wrap- 
pings of  tarred  mar- 
line twisted  in  reverse 
lay  tightly  round  both 
the  cable  and  suspend- 
ing wires. 

For  suspending  a 
lead  covered  cable 
various  kinds  of  hooks 
or  hangers  are  com- 
monly used,  which 
tightly  grip  it  at  a 
distance  of  every  4 
feet.  A. -type  of  clip 


illustrates  the  way  they  are 
fastened  to  the  cable.  In  one  end 
of  the  sling  a  slit  is  cut  and  to 
the  other  end  is  attached  a  split 
ring.  Care  should  always  be 
taken  when  fastening  on  these 
slings  to  see  that  the  end  of  the 
sling  itself,  as  well  as  the  ring 
attached,  is  passed  through  the 
slit  in  the  other  end,  so  that  it 
grips  the  cable  tightly.  The  slings 
as  a  rule  at  a  distance  of  about  3  feet 


Fig.  154. 
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used  for  this  purpose  is  illustrated  in 

Fig.  15B. 

When     running    out    an    overhead 

cable    of    any   kind,    care    should    be 

taken   to  avoid  its  hanging  in  loops 

from  the  suspending  wire.     It  should 

on  no  account  hang  over  the  tops  of 
chimneys  or  rub 
against  any  projec- 
tion which  would 
be  likely  to  chafe 
it.  After  being 
strained  up  as 
tightly  as  possible, 
it  should  be  secure- 
ly fastened  to  the 
supports  by  means 
of  tarred  marline, 
the  ends  being  first 
wrapped  with  stout 
tarred  canvas,  as 

shown  in  Fig.  156,  or  by  other  suitable 

means. 

When  an   aerial  cable  is  taken    up 

a  pole  or  standard  to  be  opened   out, 

it  should   be   carried    over 

the    top   arm  of    the    pole 

or   standard,    as     the    case 

may  be,    and     be     opened 

out   downwards,  as    shown 


Fig.  155. 
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Fig.  157. 

in  Pig.  157,  as  by  so  doing  the  chance  of  water 
getting  in  between  the  bunched  conductors  is  thus 
avoided^ 
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At  the  point  where  a  cable  enters  a  building,  it 
should  be  syphoned  or  taken  under  a  bar  fixed  at  a 
lower  level  than  the  actual  point  of  entry,  so  as  to 
avoid  the  chance  of  its  conducting  water  to  the  inside. 

The  dimensions  and  weight  of  various  sizes  of  dry 
core' aerial  cable  varies  with  different  makes,  but  the 
annexed  table  approximately  represents  what  these 
should  be,  which  will  be  found  useful  for  estimating 
purposes. 

TABLE  SHOWING  APPROXIMATE  WEIGHT  AND  DIAMETER 
or  LEAD  COVERED  AERIAL  DRY  CORE  CABLE  20  LB. 
COPPER  WIRE  CONDUCTORS. 


No.  of 
Pairs. 

External 
diameter 
in  inches. 

Weight  per 
100  yards 
in  pounds. 

No.  of 
Pairs. 

External 
diameter 
in  inches. 

Weight  per 
100  yards 
in  pounds. 

1 

* 

64-2 

30 

Mr 

824-4 

2 

\ 

90-6 

35 

4 

895-5 

3 

i 

2 

154-5 

40 

4, 

952-8 

4 

796 

188-7 

45 

If 

1009-5 

5 

5. 

g 

226-1 

50 

H 

1145-1 

6 

H 

263-1 

55 

4i 

1160-1 

7 

H 

273-6 

60 

4 

1216-5 

10 

fl 

364-2 

65 

iff 

1272-3 

12 

if 

412-5 

70 

2 

1329 

15 

1 

469-8 

80 

% 

1441-2 

18 

IrV 

527-4 

90 

2| 

1554 

20 

H 

582 

100 

2| 

1651-5 

25 

^ 

669-6 

— 

— 

PART   II. 
UNDERGROUND   CONSTRUCTION. 

CHAPTER  XII. 

INTRODUCTORY. 

THE  ever-increasing  wayleave  difficulties  associated 
with  the  construction  of  overhead  telephone  circuits, 
due  to  the  enormous  increase  in  their  numbers,  has 
made  it  imperatively  necessary  for  the  telephone 
engineer  to  adopt  the  only  other  practicable  means  of 
constructing  them  afforded  by  placing  the  wires  under- 
ground. Although  many  telephone  companies  were 
at  first  loth  to  adopt  this  method  of  getting  rid  of 
wayleave  troubles  owing  principally  to  the  very  heavy 
initial  cost  involved  in  making  such  a  radical  change, 
circumstances  have  in  many  cases  compelled  them 
to  do  so,  and  at  the  present  time  there  are  but  few 
cities  of  any  importance  either  in  Great  Britain  or 
abroad  where  the  bulk  of  the  telephone  wires  are  not 
now  laid  underground,  or  are  in  course  of  being  so 
laid.  At  no  distant  date  this  method  of  construction 

will  have  become  universal,  and  overhead  wires  will 

201 


202  TELEPHONE  LINES.  [CHAP. 

only  in  some  instances  be  used  for  distributing  pur- 
poses. Although  the  placing  of  wires  underground 
was  at  one  time  looked  upon  with  disfavour,  it  is  now 
generally  agreed  that,  notwithstanding  the  heavy 
initial  cost  of  construction,  it  is  the  only  method  of 
running  telephone  wires  that  should  be  adopted  or 
tolerated,  within  the  confines  of  large  cities  or  towns 
at  all  events,  both  from  the  point  of  view  of  the  tele- 
phone user  and  the  telephone  administration  supply- 
ing him  with  the  use  of  a  circuit,  and  having  regard 
to  the  safety  of  the  general  public.  Freedom  from 
the  constant  interruptions  to  the  service  owing  to 
contacts,  breakdowns,  and  the  numerous  other  faults 
inherent  in  an  overhead  system  is  thereby  gained, 
and  the  cost  of  maintenance  is  reduced  to  a  minimum, 
and  this  will  in  many  cases  more  than  counterbalance 
the  difference  between  the  initial  cost  of  laying  the 
wires  underground  and  running  them  overhead.  But 
even  this  difference  in  cost  disappears  when  a  large 
number  of  wires  are  run  together,  when  the  initial 
outlay  required  is  actually  less  as  a  rule  for  laying 
the  circuits  underground  than  it  would  be  for  erecting 
a  similar  number  overhead. 

Before  the  work  of  laying  down  underground  con- 
duits and  cables  is  commenced  permission  of  course 
must  be  obtained  to  open  up  the  streets,  from  the 
local  authority  having  control  over  them.  Such  per- 
missions when  granted  usually  stipulate  that  the  work 
shall  be  carried  out  in  accordance  with  certain  con- 
ditions, and  under  the  supervision  of  the  city  sur- 
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veyor,  borough  engineer,  or  similar  official,  as  the 
case  may  be,  and  that  an  annual  rental  shall  be  paid 
for  the  concession  for  each  wire  used,  and  for  every 
manhole  or  similar  opening  place.  Some  of  the  con- 
ditions imposed  upon  telephone  companies  under 
which  the  work  is  required  to  be  carried  out  are 
often  very  exacting,  and  the  engineering  difficulties 
which  frequently  result  as  a  consequence  can  only  be 
fully  understood  and  appreciated  by  those  who  have 
had  practical  experience  of  them,  and  experience  in 
overcoming  them  can  only  be  obtained  by  actual 
practice. 

In  preparing  a  plan  for  laying  down  a  new  ex- 
change system  of  underground  telephone  conduits  and 
cables  and  of  the  distribution  of  the  wires  which  the 
cables  contain,  or  in  substitution  of  an  existing  over- 
head system,  there  are  two  or  three  important  points 
to  which  particular  attention  should  be  paid. 

In  the  first  place,  the  number  of  conduits  to  be  laid 
down  upon  each  particular  route  radiating  from  the 
central  exchange  must  be  decided  upon.  In  order  to 
determine  this  satisfactorily  an  intimate  knowledge 
of  the  various  districts  of  any  town  or  city  in  which 
it  is  proposed  to  carry  out  a  scheme  of  this  kind,  is 
most  essential,  and  to  attempt  to  formulate  a  scheme 
without  such  knowledge  is  sure  to  result  sooner  or 
later,  if  carried  out,  in  serious  loss,  owing  to  a  greater 
number  of  conduits  being  laid  in  some  districts  where 
they  are  never  likely  to  be  brought  into  use,  or  too 
few  being  laid  in  others. 
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The  position  of  every  exchange  subscriber's  premises 
or  of  private  line  renters  connected  to  an  existing 
system  should  be  plainly  marked  on  an  ordnance 
survey  plan  of  the  districts  to  be  covered ;  one  to  a 
scale  of  25  inches  to  a  mile,  if  procurable,  will  gene- 
rally be  found  very  suitable  for  this  purpose.  The 
distribution  of  all  existing  lines  will  thus  be  seen  in 
all  directions,  and  this  information,  coupled  with  the 
fullest  possible  local  knowledge  of  the  possibilities  of 
future  development  of  business  in  each  district,  will, 
as  a  rule,  form  an  excellent  basis  upon  which  to 
determine  with  a  fair  degree  of  accuracy  the  number 
of  conduits  that  should  be  laid  down,  and  the  positions 
they  should  occupy  in  order  to  obtain  the  greatest 
advantage.  The  number  and  position  of  the  conduits 
having  been  determined  they  should  be  shown  on  the 
plan  by  means  of  a  red  line,  and  also  in  some  other 
colour  the  positions  of  all  distributing  poles,  manholes, 
junction  boxes,  split  pipes  and  similar  openings  which 
it  is  proposed  to  provide.  The  conduit  scheme  having 
been  thus  planned  out,  the  distribution  of  the  cables 
which  they  are  to  contain,  and  their  number  and  size, 
should  be  considered,  and  when  decided  upon,  also 
marked  on  the  plan.  As  a  general  rule  it  is  desirable 
to  provide  as  many  pairs  of  wires  in  the  cables  to 
each  distributing  area  as  there  are  subscribers  in  the 
area  to  be  served,  plus  about  one  hundred  per  cent, 
of  spare  circuits  to  provide  for  future  development 
of  business.  This  rule  will  not  of  course  always  apply, 
and  in  many  cases  it  will  be  found  desirable  to  depart 
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from  it  considerably  according  to  local  circumstances, 
which  vary  in  their  nature  in  each  different  district, 
and  it  is  in  settling  satisfactorily  questions  of  this 
kind  that  a  local  knowledge  of  possible  requirements 
is  again  so  valuable.  In  estimating  the  probable  cost 
of  laying  down  an  underground  telephone  system  it 
is  not  sufficient  simply  to  estimate  the  value  of  the 
material  that  will  be  required,  and  the  cost  of  laying 
it  at  a  certain  regulation  price  per  yard,  but  the 
nature  of  the  ground  in  which  the  conduits  will  have 
to  be  laid,  both  surface  and  subsoil,  and  of  any  special 
difficulties  that  are  likely  to  be  met  with  should  be 
carefully  considered,  otherwise  the  estimated  and 
actual  cost  will  often  be  found  widely  different  in 
amount. 

It  is  not  too  much  to  say  that  many  thousands 
of  pounds  have  been  absolutely  wasted  by  certain 
telephone  administrations  during  the  last  few  years 
owing  to  sufficient  consideration  not  having  been 
given  to  these  points. 
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CHAPTER    XIII. 

CABLE    DISTRIBUTION. 

THERE  are  two  methods  of  distributing  the  wires  con- 
tained in  underground  telephone  cables  to  the  premises 
of  their  users,  viz.  by  means  of  open  or  covered  aerial 
wires  attached  to  their  ends,  or  taken  directly  to  the 
user's  premises  underground.  Each  cable  radiating 
from  a  central  exchange,  or  a  portion  of  it,  is  carried 
in  a  conduit  to  a  certain  point  as  nearly  as  possible 
in  the  centre  of  a  defined  area  or  district  in  which 
the  subscribers'  wires  it  contains  are  intended  to 
serve  are  situated.  The  concentration  of  a  large 
number  of  wires  in  any  particular  area  should  be 
avoided.  No  distributing  area  should  be  served  by 
a  cable  containing  more  than  about  100  pairs  of 
wires ;  cables  containing  from  50  to  80  pairs  will 
generally  be  found  most  suitable.  The  advantages 
derivable  from  the  provision  of  a  large  number  of 
small  distributing  areas  as  against  a  few  large  ones 
are  many.  In  the  case  of  a  breakdown  through  any 
cause  whatever,  if  the  areas  are  small,  only  a  com- 
paratively few  lines  would  be  affected,  or  if  a  dis- 
tributing pole  or  standard  has  to  be  moved  to  another 
position,  the  time  taken  and  the  expense  involved  in 
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making  the  change  would  be  small,  another  advan- 
tage being  that  the  length  of  the  distribution  wires 
is  reduced  to  a  minimum.  Local  circumstances  and 
wayleave  difficulties  will  of  course  often  make  it 
impossible  to  erect  poles  or  standards  to  be  used  for 
distributing  purposes  in  the  most  suitable  positions 
where  an  overhead  system  of  distribution  is  adopted  ; 
but  wherever  possible  they  should  be  so  placed  that 
the  distributing  wires  will  in  no  case  cross  over  any 
main  thoroughfare,  particularly  over  any  roadway 
along  which  electrically  propelled  trams  run  supplied 
with  current  transmitted  over  an  overhead  trolley 
wire. 

Fig.  158  is  a  street  plan  illustrating  this  method 
of  distribution,  in  which  the  distributing  poles  or 
standards  are  represented  by  black  circles,  and  the 
limits  of  the  various  areas  by  dotted  lines,  the  "  ex- 
change," which  should  always  be  situated  as  nearly 
as  possible  in  the  centre  of  that  district  of  a  town 
where  the  greatest  commercial  activity  prevails  or 
where  the  largest  number  of  subscribers  are  concen- 
trated, by  a  black  square. 

The  ends  of  the  cables  should  be  carried  up  dis- 
tributing poles  to  within  about  six  feet  of  their  lowest 
arms,  and  in  the  case  of  roof  standards  they  are 
usually  attached  to  the  outside  walls  of  the  buildings 
on  which  such  standards  are  erected,  and  terminated 
in  air  and  water  tight  iron  boxes,  commonly  known 
as  cable  heads,  or  in  other  suitable  ways  in  the  manner 
more  fully  described  in  another  chapter. 
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Fig.  158. 
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Where  a  large  number  of  users  are  concentrated 
in  one  building  or  in  two  or  three  buildings  adjoining 
each  other,  such  buildings  should  form  an  area  in 
themselves,  a  cable  being  carried  directly  into  one  of 
them,  and  the  wires  it  contains  distributed  round  the 
buildings  in  suitable  casings  or  tubes  carried  on  the 
outside  walls,  vulcanized  indiarubber  covered  leading 
in  wires  being  used  for  this  purpose,  or  by  means  of 
more  lightly  insulated  wires  fixed  on  the  inside  walls, 
as  may  be  found  most  convenient,  open  overhead  wires 
being  thus  dispensed  with  altogether.  This  method 
of  distribution  is  one  of  the  most  satisfactory  that 
could  be  devised,  and  should  always  be  adopted  wher- 
ever practicable.  The  usual  method  of  distributing 
wires  entirely  underground  in  an  area  where  the  users' 
premises  are  more  or  less  distant  from  each  other  is 
to  terminate  the  cable  in  a  centrally  situated  manhole 
from  which  cast  iron  service  pipes  about  two  to  three 
inches  in  diameter  radiate,  laid  under  the  footpaths. 
The  cable  wires  are  joined  to  indiarubber  covered 
wires,  which  are  taken  through  the  service  pipes  and 
carried  by  smaller  branch  pipes  into  the  premises  of 
the  user,  suitable  hand  holes  being  provided  in  the 
service  pipes  to  facilitate  the  work  of  drawing  them 
in  and  jointing. 

As  a  general  rule  cables  containing  a  large  number 
of  conductors  should  be  laid  in  all  main  conduits.  In 
branch  conduits,  where  only  one  is  provided,  the  cable 
laid  should  always  contain  the  maximum  number  of 
conductor  required  for  immediate  use,  and  a  sufficient 
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surplus  to  provide  for  all  possible  future  requirements. 
All  the  spare  wires  need  not  necessarily  be  imme- 
diately connected  to  a  main  cable  going  to  the 
exchange,  but  only  a  fair  proportion,  the  remainder 
being  left  "  dead  "  for  the  time  being,  ready  to  be 
joined  to  a  main  cable  only  when  actually  required  for 
use. 
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Fig.  159. 

The  simplest  method  to  adopt  of  splitting  up  a 
main  cable  into  sections  to  serve  a  number  of  dis- 
tributing areas  is  to  start  from  the  exchange  with 
one  containing  a  large  number  of  pairs,  and  diminish 
this  main  in  size  at  each  manhole  where  a  branch  is 
led  off  to  a  distributing  area,  as  shown  diagrammati- 
cally  in  Fig.  159. 

The  great  disadvantage  of  this  tapering  method  of 
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distribution  is  its  want  of  flexibility.  Lines  branched 
to  any  one  area  may  be  all  used  up,  while  a  con- 
siderable number  branched  to  other  areas  off  the  same 
main  may  remain  idle  for  a  considerable  time,  or  may 
never  be  used  at  all,  no  means  being  readily  available 
for  transferring  the  spare  circuits  to  the  areas  where 
they  could  be  made  use  of.  Thus  on  the  one  hand  it 
would  be  necessary  to  provide  additional  main  cable 
in  order  to  augment  the  lines  serving  the  area  in 
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Fig.  160. 

which  the  circuits  oat  of  the  first  main  have  all  been 
brought  into  use,  or  to  duplicate  it,  while  on  the 
other  hand  a  certain  amount  of  plant  representing  a 
large  capital  outlay  may  remain  idle  and  consequently 
unremunerative. 

In  order  to  meet  this  difficulty  various  other  methods 
of  connecting  up  branch  to  main  cables  have  been 
devised,  and  are  frequently  employed  in  order  to 
obtain  a  certain  degree  of  flexibility. 

One  of  these  methods  is  represented  diagrammatically 
in  Fig.  160 ;  A,  B,  C  and  D  represent  four  different 
distributing  areas.  A  52-pair  branch  run  to  dis- 
tributing, area  A  is  teed  on  to  a  similar  number  of 
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pairs  in  the  main  cable.  Thirty-four  of  these  pairs 
are  carried  on  and  joined  to  a  similar  number  in  the 
102-pair  branch  cable  serving  distributing  area  B, 
so  that  they  can  therefore  be  used  in  either  of  the 
two  areas,  or  may  be  utilised  as  exchange  extension 
lines.  The  remaining  18  circuits  in  area  A  and  68 
circuits  in  area  B  are  connected  directly  to  the  ex- 
change, 34  of  the  latter  being  also  connected  to  a 
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Fig.  161. 

similar  number  of  pairs  carried  on  to  distributing 
area  C,  where  they  can  be  used  if  not  required  at  B, 
a  similar  plan  being  adopted  at  area  D  or  any  further 
number  of  areas. 

By  cross  connecting  the  wires  at  the  distributing 
poles  any  two  pairs  in  either  of  the  areas  can  be 
joined  together  and  through  to  the  exchange  where 
this  plan  of  distribution  is  followed. 

Fig.    161     represents    another    somewhat    similar 
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method  of  effecting  the  same  object,  the  distributing 
areas  being  again  represented  by  the  letters  A,  B,  C 
and  D.  Connected  to  A  is  a  52-pair  branch,  26  pairs 
of  which  are  joined  direct  through  to  the  exchange, 
and  the  remaining  26  pairs  to  distributing  area  B, 
which  is  also  served  with  a  52-pair  branch  cable,  the 
remaining  26  pair  of  which  is  also  connected  through 
direct  to  the  exchange,  the  same  plan  being  followed 
in  the  case  of  areas  C  and  D.  This  method  is  a  simple 
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one,  but  only  affords  facility  for  using  the  same  main 
wires  in  any  two  areas,  and  not,  as  in  the  previous 
method  described,  affording  a  means  of  transference 
between  any  number  of  areas,  but  it  will  very  often 
be  found  sufficiently  elastic  for  all  practical  require- 
ments. 

Branch  cables  serving  an  area  where  the  users' 
premises  are  at  a  good  distance  from  each  other,  or 
where  several  are  concentrated  at  different  points, 
should  be  connected  to  as  many  distributing  poles  as 
may  be  found  convenient,  as  in  Fig.  162. 
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CHAPTEE  XIV. 

CONDUITS,    AND    METHODS    OF    LAYING    THEM. 

THE  protection  against  mechanical  injury  afforded  by 
the  lead  or  other  ordinary  form  of  covering  to  the 
cores  of  underground  cables  is  as  a  rule  insufficient, 
and  some  more  reliable  means  of  protecting  them  will 
generally  be  found  necessary.  In  some  cases  this 
object  is  obtained  by  sheathing  them  in  steel  tape  or 
wire ;  this  however  adds  very  considerably  to  their 
weight  and  cost,  and  is  consequently  only  employed 
as  a  rule  where  other  methods  of  protecting  them  are 
not  available,  as,  for  example,  where  cables  have  to  be 
laid  under  water. 

A  simple  and  inexpensive  method,  and  one  occasion- 
ally employed  for  protecting  small  branch  cables,  is 
to  lay  wooden  battens  over  them,  which  afford  a  fairly 
efficient  means  of  shielding  them  from  injury  likely 
to  be  caused  to  them  due  to  most  ordinary  causes. 
Another  method  of  protection,  and  one  which  was 
at  one  time  extensively  employed  for  telephone  and 
telegraph  work,  is  what  is  generally  known  as  the 
solid  system,  which  consists  of  laying  the  cables  in 
wooden  troughs  buried  in  the  ground,  these  troughs 
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being  filled  up  with  asphalte  or  similar  compound  and 
closed  with  stout  lids. 

All  these  methods  of  protection  however,  while 
satisfactory  and  efficient  enough  in  their,  way,  do  not 
meet  the  requirements  which  experience  has  proved 
to  be  necessary,  and  they  should  only  be  adopted  in 
the  case  of  small  cables  in  places  where  they  will 
probably  never  be  disturbed,  as  when  cables  so  pro- 
tected are  once  laid  they  cannot  be  withdrawn  or  re- 
placed without  breaking  up  the  ground  again,  and 
additions  cannot  be  made  to  their  number  without 
incurring  the  same  expense.  Spare  cables  could  of 
course  be  put  down,  but  this  would  involve  heavy 
additional  capital  expenditure  for  material  which 
might  remain  idle  and  consequently  unremunerative 
for  a  long  period  of  time  and  which  might  perhaps 
never  be  used  at  all. 

To  meet  the  practical  requirements  of  the  present 
day,  conduits  of  various  kinds  are  now  universally 
employed  into  which  cables  can  be  readily  drawn  or 
may  be  withdrawn  if  necessary  without  any  difficulty 
or  further  expense  being  incurred  when  once  laid. 
These  conduits  may  consist  of  almost  any  number  of 
separate  ducts  or  tubes  in  each  of  which  a  cable  of 
any  ordinary  size  may  be  laid  as  required.  All  kinds 
of  material  is  used  in  their  construction,  particularly 
wood,  iron,  steel,  concrete,  stoneware,  and  earthen- 
ware. 

An  efficient  conduit  ought  to  possess  sufficient 
strength  to  resist  all  possible  stress  likely  to  be  put 
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upon  it  which  might  be  caused  owing  to  subsidence 
of  the  ground  in  which  it  is  laid,  or  by  heavy  traffic 
over  the  surface.  It  should  also  be  fireproof  and  be 
composed  of  a  substance  that  will  not  decay  owing 
to  any  cause  whatever,  as,  for  example,  dry  or  wet 
rot,  or  corrosion  due  to  chemical  action.  If  possible, 
conduits  should  be  so  constructed  that  they  are 
thoroughly  air  and  water  tight,  but  circumstances 
often  make  this  impracticable.  One  of  the  most  im- 
portant and  essential  qualities  of  an  efficient  conduit 
is  that  it  must  not  contain  any  substance  likely  to 
exercise  a  deleterious  effect  upon  the  lead  sheathing 
of  the  cables. 

The  interior  surface  of  the  ducts  should  be  perfectly 
smooth  and  contain  no  inequalities  of  any  kind  what- 
ever. They  should  also  be  bored  quite  straight,  be 
exactly  cylindrical  in  form,  and  of  equal  diameter 
throughout  their  whole  length. 

A  conduit  which  occupies  the  least  possible  amount 
of  space  in  the  ground,  providing  it  is  in  other  re- 
spects suitable,  is  the  best  to  use,  particularly  in  the 
centres  of  large  cities  where  the  subsoil  under  the 
roadways  and  footpaths  is  already  largely  occupied 
by  electric  light,  gas,  water,  pneumatic,  and  similar 
mains. 

In  Paris,  where  practically  all  the  telephone  wires 
are  underground  in  the  main  part  of  the  city,  the 
cables  are  carried  in  iron  troughs  having  tightly 
fitting  lids.  These  troughs  are  laid  in  the  main 
sewers,  which  are  of  such  a  size  as  to  allow  ample 
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room  for  them,  and  they  are  so  constructed  that 
access  to  them  can  be  easily 
obtained.  Such  a  method  of 
laying  cables  is  a  most  ex- 
cellent one  in  many  ways, 
but  few  cities  are  so  for- 
tunate as  to  possess  such 
facilities  for  cable  laying  as 
are  available  in  Paris,  where 
the  sewerage  system  is  of  a 
unique  nature. 

The  type  of  conduit  gener- 
ally employed  both  in  Nor- 
way and  Sweden  is  identical 
with  that  largely  employed 
by  the  National  Telephone 
Company  also  throughout 
Great  Britain.  It  consists  of 
multitubular  concrete  blocks 
containing  any  required 
number  of  ducts,  the  mini- 
mum generally  employed 
being  three  and  the  maxi- 
mum about  thirty-six.  Each 
separate  duct  or  tube  has  a 
diameter  of  three  inches. 
Fig.  163  illustrates  five  con- 
duits of  this  kind  containing  Fi£- 163- 
3,  6,  12,  20,  and  36  ducts  each  respectively,  and  also  a 
concrete  bearer  upon  which  this  type  of  conduit  is  laid. 
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This  class  of  conduit  is  practically  indestructible  if 
properly  made  of  the  best  materials.  It  is  extremely 
compact  and  rigid,  and  its  cost  in  comparison  with 
other  forms  of  conduit  is  low,  particularly  in  the  case 
of  those  having  a  large  number  of  ducts.  Under 
favourable  conditions  this  type  of  conduit  has  there- 
fore much  to  recommend  it  for  use  for  telephonic 
purposes,  but  unfortunately  favourable  conditions  are 
rather  the  exception  than  the  rule,  and  in  very  many 
cases  conduits  of  this  kind  cannot  be  advantageously 
employed. 

"Where    the   conditions   of  a  firm  and  dry  subsoil 
exists  and  a  clear  course  is  obtainable  they  certainly 
cost  less  to  lay  than  almost  any  other  class  of  conduit, 
in  addition  to  being  also  less  costly  in  themselves,  and 
admirably  satisfy  all   other  necessary  requirements. 
But  where  these  conditions  do  not  prevail  and  numer- 
ous obstacles  in  the  nature  of  gas,  water  and  similar 
mains  or  sewers  have  to  be  negotiated,  the  very  com- 
pactness of  the  concrete  blocks  makes  it  most  difficult, 
and  in  some  cases  impossible,  to  lay  them  without 
heavy  expense  being  incurred  in  deepening  trenches 
or  having  such  obstacles  removed.      These  expenses 
will  often  amount  to  more  than  the  difference  between 
the  first  cost  of   the  concrete  blocks  themselves  and 
any  other  form  of  conduit  of  a  more  costly  kind,  but 
more  adaptable  in  their  nature,  as,  for  example,  iron 
pipes  or  earthenware  tiles,  which  can  be  much  more 
readily  manipulated  in  order  to  pass  over  or  under 
any  obstacle  that  may  come  in  the  way. 
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One  other  disadvantage  of  the  concrete  block  type 
of  conduit  is  that  its  substance  is  very  porous,  through 
which  water  and  gas  will  readily  percolate.  Their 
use  therefore  is  inadmissible  in  places  where  the  con- 
ditions of  a  wet  subsoil  prevail,  as  is  the  case  in  many 
towns  situated  on  the  sea  coast  particularly. 

Where  these  conduits  are  used  they  should  be 
buried  in  the  trench  at  such  a  depth  that  their  tops 
will,  if  they  are  laid  under  a  roadway,  be  not  less 
than  18  inches  from  the  surface,  or  if  under  a 
footway,  12  inches.  They  should  be  laid  in  as 
straight  a  line  as  possible,  but  with  a  slight  fall 
between  the  manholes,  so  that  any  water  which  might 
find  its  way  into  the  ducts  will  easily  drain  out  of 
them  again.  No  more  ground  should  be  disturbed 
when  digging  the  trench  than  is  absolutely  necessary, 
and  the  bottom  should  be  left  as  solid  as  possible,  so 
that  the  blocks  obtain  a  good  bearing.  The  trench 
should  be  dug  only  about  six  inches  wider  on  either 
side  than  the  blocks  themselves,  which  will  allow 
sufficient  room  for  the  men  setting  them  to  work  in. 
The  smaller  sizes  of  blocks  can  easily  be  lowered  into 
a  trench  by  hand,  but  the  use  of  tackle  supported  by 
shear  legs,  or  some  other  suitable  form  of  hoist,  will 
as  a  rule  be  found  necessary  in  order  to  facilitate  the 
lowering  of  blocks  of  large  size  which  are  of  consider- 
able weight. 

The  alignment  of  the  blocks  is  best  obtained  by  the 
use  of  a  mandril  (Fig.  164)  made  of  well  seasoned 
hard  wood,  which  should  measure  not  less  than  2|-  of 
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an   inch  in  diameter  and  about  4  feet   6   inches  in 
length. 


Fig.  164. 

The  blocks,  which  are  all  made  to  a  uniform  length 
of  1  metre  (39  inches),  should  be  laid  with  their  ends 
resting  on  concrete  bearers.  The  ends  of  the  blocks 
should  not  touch  each  other,  a  space  of  about  J-  of  an 
inch  being  left  between  them,  and  the  rest  of  their 
length  should  rest  on  the  solid  earth.  Every  block 
has  three  longitudinal  grooves  cut  in  it,  one  at  the  top 
and  one  at  each  side,  into  which  wrought  iron  bars 
of  various  sizes  are  inserted  of  sufficient  length  to 
pass  over  three  or  four  of  the  blocks,  and  they  should 
be  so  arranged  that  their  ends  do  not  all  come  together 
on  the  same  block. 

The  usual  method  employed  for  joining  the  ends  of 
the  blocks  themselves  together  is  to  first  pass  a  strip 
of  canvas  coated  with  asphalte  round  them  and  over 
the  iron  bars.  The  recess  formed  by  the  two  ends 
should  then  be  filled  up  with  cement  neatly  trowelled 
in,  and  the  longitudinal  grooves  containing  the  iron 
stiffening  bars  should  also  be  filled  in  with  the  same 
material  and  the  space  between  the  bottoms  of  the 
blocks  and  the  bearers  filled  up  with  cement  grout. 
In  the  case  of  three  duct  blocks  the  canvas  lapping  at 
the  joints  is  not  required,  as  this  size  of  block  is  made 
with  spigot  and  socket  ends.  It  is  of  course  very 
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necessary  to  allow  time  for  the  cement  fillings  to 
thoroughly  set  before  the  ground  is  filled  in  over  the 
blocks,  which  should  not  be  disturbed  in  any  way 
when  once  the  joints  have  been  made.  Fig.  165 
illustrates  four  blocks  with  jointing  bars  and  canvas 


Fig.  165.  Fig.  166. 

in  position,  and  Fig.  166  a  similar  number  of  blocks 
with  the  cement  filled  in. 

After  the  jointing  of  the  blocks  -forming  a  section 
has  been  completed  between  two  manholes,  they 
should  be  tested  by  drawing  a  piece  of  lead  pipe  or 
a  mandril  about  4  feet  long  and  2|  inches  in  diameter 
through  each  separate  duct,  in  order  to  insure  perfect 
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alignment  and  freedom  from  all  obstructions  likely  to 
injure  the  lead  sheathing  of  the  cables  when  being 
drawn  in. 

Fig.  167  (frontispiece)  is  a  photograph  showing  a 
number  of  sixteen  duct  concrete  blocks  laid  in  posi- 
tion and  jointed,  and  it  well  illustrates  the  manner 
in  which  this  type  of  conduit  is  laid,  while  in  the 
following  table  will  be  found  some  useful  information 
regarding  the  weight  and  dimensions  of  various  sizes 

of  blocks. 

i 

TABLE  GIVING  WEIGHT  OP  VARIOUS  SIZES  OF  CONCRETE 
BLOCK  DUCTS  AND  SIZE  OF  JOINTING  BARS  USED 
WITH  THEM. 


No.  of 
ducts  in 
block. 

Weight 
of 
block. 

Size  of  top 
bar. 

Size  of  side 
bars. 

Depth  of 
block. 

Width  of 
block. 

Ib. 

3          165 

!  in.  sq. 

9  in. 

9  in 

6           265 

"4              55 

i  in.  sq. 

1  ft.  0  in. 

1  ft.  5  in 

9 

400 

£     „ 

| 

1  „   3 

1  , 

5 

12 

490 

1     „ 

1 

3 

1  , 

7 

16 

560 

1     ., 

1 

1 

6 

1  ? 

7 

20 

665 

14x|       „ 

H 

1 

7 

o 

0 

25 

798 

14  x|      „ 

4 

1 

9 

2  . 

0 

30 

1,106 

14x|      „ 

if 

2 

0 

i  2  , 

3   „ 

36        1,310 

Uxi      „ 

i* 

2  . 

3 

2  . 

3   . 

N.B. — All  blocks  have  a  uniform  length  of  one  metre. 

A  type  of  cement  conduit  worthy  of  notice  is  that 
used  at  Stuttgart,  which  consists  of  a  number  of  in- 
verted troughs  of  the  shape  shown  in  Fig.  168,  which 
are  laid  in  tiers  one  above  the  other  as  in  Fig.  169. 
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These  troughs  are  270  mm.  in  width,  75  mm.  deep 
and  1  metre  in  length.     The  lowest  trough  is  bedded 


Fig.  168. 


on  a  foundation  of  concrete,  the  same  material  being 
placed  round  the  sides  of  the  complete  nest  of  ducts 
and  over  the  top  one  to  within  a  few  inches  of  the 
surface  of  the  ground  if  laid  under  a  roadway ;  but 
if  under  a  footpath  the  concrete  filling  on  top  of  the 
conduits  is  dispensed  with,  except  for  a  layer  a  few 


t\        •          *  »*'..•-..          C    •       ' 

»    *X  *  -*  •.».-»•.  i  •    ;.       .    .    -KJ     • 

--   >  "*.•*,•  -•-•..    . -.  r  •  • 
— "tfM^te'O, 


Fig.  169. 

inches  thick  directly  under  the  flagstones  or  other 
surface  covering. 

Cables  .of  small  size  are  laid  side  by  side  in  these 
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troughs  from  which  they  can  be  readily  withdrawn  if 
desired  for  inspection  or  renewal. 

The  type  of  single  duct  most  generally  used  is  a 
cast  iron  pipe  usually  having  a  3-inch  bore,  spigot 
and  socket  ends  being  provided  for  jointing  the  lengths 
together.  These  rpipes  should  be  made  of  soft  pig  iron 
of  good  quality  and  of  uniform  thickness  throughout 
their  length,  and  be  cast  without  core,  screw,  or  shap- 
let.  They  should  also  be  free  from  all  chilling,  cracks, 
air  bubbles,  or  other  flaws,  and  the  interior  surface 
must  be  perfectly  smooth,  fine  loam  or  sand  being 
used  for  the  core  when  casting  them.  The  bore  of 
the  pipes  should  be  perfectly  straight  and  free  from 
all  projections  of  any  kind,  being  rimed  out  with  a 
steel  disc  rimer  in  order  to  insure  this,  and  the  inside 
edges  of  the  socket  and  spigot  ends  ought  to  be 
properly  rounded  off.  All  such  pipes  should  be 
dipped  into  some  approved  description  of  preserva- 
tive compound  after  they  have  been  heated ;  what 
is  known  as  Doctor  Angus  Smith's  compound  is  that 
usually  used  for  this  purpose.  The  usual  method 
employed  of  jointing  the  various  lengths  of  this  type 
of  conduit  together  is  as  follows : — 

The  spigot  end  of  one  pipe  is  inserted  well  up  to 
the  shoulder  of  the  socket  of  another.  Spun  yarn  is 
then  forced  between  these  ends  by  means  of  cranked 
caulking  irons  of  suitable  size  of  the  shape  shown  in 
Fig.  170. 

About  two  ounces  in  weight  of  spun  yarn  will 
generally  be  found  sufficient  for  each  joint,  the  object 
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of  using  this  being  to  prevent  the  hot  lead  with 
which  the  joint  is  finally  closed  from  getting  into  the 
pipes.  To  get  the  lead  into  the  joint  a  piece  of  well 
puddled  clay  is  placed  round  it,  an  open  lip  being 
made  in  the  top  into  which  the  lead  is  poured,  which 
should  not  be  too  hot,  but  only  just  in  a  molten  con- 


dition (Fig.  171),  the  clay  being  removed  directly  it 
has  set,  but  before  the  lead  has  had  time  to  harden  it 
should  be  thoroughly  tamped  up  with  a  suitable  iron. 
A  joint  of  this  kind  if  properly  made  should  be 
thoroughly  gas  and  water  tight.  The  weight  of  lead 
required  for  each  joint  is  about  2|-  Ibs. 

The  w;ork  of  jointing  may  be  facilitated  by  jointing 

Q 
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three  or  four  lengths  above  ground.  Their  ends  should, 
where  this  practice  is  followed,  be  supported  on  suit- 
able blocks  of  wood,  or  on  bricks,  in  order  to  raise 
them  off  the  ground. 

Great  care  should  be  taken  when  lowering  pipes  so 
jointed  into  the  trench  to  avoid  springing  or  cracking 
the  lead  joints  in  any  way.  A  stout  galvanized  iron 
wire  (No.  8  SWG  or  No.  11  SWG-  will  serve  well 
for  this  purpose)  should  be  threaded  through  each  pipe 
as  laid,  to  be  used  as  a  draw-wire  by  which  to  pull 


Lex»o 


through  the  rope  or  chain  to  be  employed  for  drawing 
in  the  cable.  Each  pipe  as  laid  should  be  tested  with 
a  wood  or  iron  mandril  to  insure  proper  alignment. 

When  laying  the  pipes  in  the  trench  care  should  be 
taken  to  see  that  those  at  the  bottom  rest  on  a  solid 
foundation  of  earth,  no  hollows  being  left  underneath 
them.  They  should  be  laid  in  as  straight  a  line  as 
circumstances  will  permit  and  sharp  bends  or  change 
of  level  avoided.  Earth  should  be  well  rammed  in 
between  the  pipes  when  several  ducts  are  laid  in  the 
same  trench  side  by  side,  and  each  additional  tier 
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should  also  be  bedded  on  earth  to  keep  the  pipes  from 
touching  one  another. 

The  filling  in  of  a  trench  after  ducts  have  been  laid 
and  joints  made  is  a  matter  which  should  also  receive 
most  particular  attention.  Soft  earth  only  should  be 
placed  directly  over  the  pipes  for  a  depth  of  about 
6  inches,  which  should  be  thoroughly  well  rammed 


Fig.  172. 

down,  pitching  stones  and  other  hard  road  material 
being  placed  on  top.  Unless  this  part  of  the  work  is 
well  done  sinkage  is  sure  to  result  sooner  or  later,  and 
consequent  additional  expense  will  have  to  be  incurred 
for  doing  much  of  it  over  again,  particularly  when 
the  crust  of  a  road  is  composed  of  concrete,  stone  sets 
laid  in  concrete,  wood  blocks,  asphalte,  or  similar  costly 
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paving.  Three-inch  cast  iron  pipes  as  described  have 
been  very  largely  used  by  the  National  Telephone 
Company  and  the  Glasgow  Corporation  (Fig.  172) 
and  the  British  Post  Office  is  also  making  extensive 


Fig.  173. 


Fig.  173A. 


Fig.  173B. 

use  of  this  class  of  duct.  Many  continental  telephone 
administrations  likewise  use  iron  pipes  of  similar  size, 
but  in  Switzerland  single  pipe  conduits  of  much  larger 
size  are  employed.  The  diameter  of  some  of  these  pipes 
is  as  much  as  60  centimetres,  the  various  lengths  being 
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jointed  together  in  the  same  manner  as  the  pipes  of 
smaller  size,  as  already  described.  A  pipe  of  this  kind 
carries  a  number  of  small  cables  which  lay  clustered 
together,  the  largest  size  of  conduits  containing  in 
some  cases  several  dozens  of  cables  of  27  and  52  pairs 
of  wires  each. 

The  great  disadvantage  of  this  large  size  of  iron 
duct  is,  that  when  once  the  cables  are  drawn  in,  those 
lying  at  the  bottom  cannot  be  withdrawn  owing  to 
the  weight  of  those  lying  above  them.  This  lack  of 
accessibility  therefore  makes  them  not  so  desirable  a 
form  of  conduit  to  use  as  those  which  enable  a  cable 
to  be  readily  withdrawn  at  any  time  either  for  the 
purpose  of  substituting  one  of  larger  size  in  its  place 
or  for  repairs  to  be  made. 

Another  of  the  single  duct  type  of  conduit  which 
is  at  the  present  time  meeting  with  very  great 
favour  consists  of  glazed  earthenware  tiles,  18  and  24 
inches  in  length,  made  in  two  parts,  as  shown  in 
Figs.  173,  173A  and  173B,  the  interior  diameter  being 
3J  inches  and  the  exterior  4|  inches.  This  class  of 
duct  has  been  adopted  for  use  by  the  British  Post 
Office  in  connexion  with  the  department's  large 
scheme  for  telephoning  London,  which  work  is  at 
the  present  time  being  rapidly  proceeded  with.  In 
America  it  is  also  being  extensively  employed,  and 
although  a  very  costly  form  of  conduit  to  lay,  it  has 
much  to  recommend  it.  A  large  number  of  such 
ducts  can  be  laid  together  in  a  comparatively  small 
space.  ^  This  type  of  duct  also  possesses  the  great 
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advantage  of  having  a  large  degree  of  flexibility 
either  when  a  single  duct  only  is  employed,  or  where 
a  number  are  laid  together,  curves  being  easily  made, 
the  shortness  of  the  tubes  making  this  practicable 
without  to  any  appreciable  extent  altering  their  con- 
tour. The  method  of  laying  and  jointing  this  type 
of  duct  is  very  much  the  same  as  that  employed  in 
the  laying  of  brickwork.  The  trench  should  be  ex- 


Fig.  174. 

cavated  to  a  sufficient  depth  to  allow  of  at  least  18 
inches  of  covering  over  the  topmost  duct  if  laid  under 
a  roadway,  or  12  inches  if  under  a  footway.  The 
lowest  layer  of  a  nest  of  these  ducts  should  be  bedded 
on  a  foundation  of  concrete  about  6  inches  thick,  along 
the  centre  of  which  one  or  two  T  irons  should  be 
embedded,  the  surface  being  overlaid  with  neat  cement 
to  a  depth  of  half  an  inch,  smoothly  trowelled  down. 
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After  the  first  row  of  ducts  has  been  laid  on  this 
foundation  the  spaces  between  them  should  be  filled 
up  with  cement  mortar,  and  a  bed  of  cement  made 
for  the  second  layer  of  ducts  to  rest  on,  each  sub- 
sequent layer  being  laid  on  a  similar  foundation. 
The  topmost  layer  of  a  complete  nest  of  ducts  should 
be  protected  with  concrete  laid  over  them  to  a  depth 
of  about  6  inches,  and  similar  material  be  placed  at 
the  sides  of  the  ducts,  so  that  they  are  thus  completely 
enveloped  by  it,  as  shown  in  Fig.  174. 


Fig.  175. 

Creosoted  wood  blocks,  commonly  known  as  "  pump 
logs,"  have  been  much  used  in  the  United  States. 
These  blocks  are  made  as  a  rule  in  8-foot  lengths,  and 
are  bored  longitudinally  with  a  hole  3  inches  in 
diameter  (Fig.  175). 

Another  type  of  conduit  which  has  been  used  to 
some  extent  in  America  consists  of  a  wrought  iron 
pipe,  lined  with  cement  to  a  thickness  of  five-eighths 
of  an  inch,  which  is  smoothed  on  the  surface  to  a 
polish.  Cast  iron  ball  and  socket  joints  are  used  with 
these  ducts,  by  means  of  which  curves  can  be  easily 
made  and  proper  alignment  obtained. 
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Yet  one  other  form  of  single  duct  conduit,  having 
features  of  special  interest,  is  that  known  as  the 
li  Sewell  Cement  Arch  "  duct.  These  arches  are 
moulded  on  a  framework  of  wire  gauze,  having  a 
mesh  three-eighths  of  an  inch  square,  the  material 
used  as  a  covering  consisting  of  equal  parts  of  sand 
and  best  Portland  cement.  They  are  3  inches  deep 
internally,  and  of  similar  width  and  of  horseshoe 
shape,  as  shown  in  Fig.  176. 

This  type  of  duct  is  laid  in  a  trench  at  the  required 
depth  on  a  foundation  of  concrete  ;  the  top  of  each 
tier  of  them  is  covered  with  a  layer  of  cement  trowel- 


Fig.  176.  Fig.  177. 

led  smooth,  upon  which  the  second  tier  is  laid,  each 
subsequent  tier  being  bedded  in  a  similar  manner. 
The  various  sections  are  jointed  by  abutting  their 
ends  together  and  placing  over  them  a  bridge  made 
of  wire  gauze,  lined  on  the  inside  with  cotton  cloth, 
to  which  a  similar  strip  of  cloth  covering  the  outside 
is  also  cemented,  as  illustrated  in  Fig.  177. 

Curved  sections  are  employed  for  making  bends,  the 
usual  length  of  such  curves  being  about  6  inches. 
Fig.  178  is  a  sectional  view  of  a  nest  of  16  of  these 
ducts  in  position. 

Before  the  work  of  cutting  a  trench  in  which  tele- 
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phone  conduits  are  to  be  laid  is  commenced  all  possible 
information  should  be  first  obtained  as  to  the  positions 
and  depths  of  other  pipss,  sewers,  etc.,  which  are  laid 
in  the  thoroughfares  to  be  traversed. 

This  information  can  to  some  extent  be  obtained  as 
a  rule  from  plans  kept  by  the  engineers  or  surveyors 
to  local  authorities,  but  information  obtained  in  this 
way  is  by  no  means  alwaj^s  of  a  reliable  nature,  and 
should  not  therefore  be  entirely  relied  upon.  Pipes, 
etc.,  shown  on  such  plans  as  being  in  certain  specified 
positions  will  not  infrequently  be 
found  elsewhere,  so  that  to  save 
possible  future  trouWe  and  un- 
looked-for expense  it  is  always 
desirable  to  supplement  any  in- 
formation obtained  in  this  way 
by  digging  trial  holes  at  intervals 
along  the  line  of  route  it  is  de- 
sired to  take. 

"When  trenches  are  opened 
every  precaution  should  be  taken 
to  prevent  accidents  ;  they  should 
be  well  fenced  in.  and  lighted  efficiently  at  night  time. 

When  the  subsoil  is  of  a  very  loose  nature  the 
trench  should  be  timbered  up,  if  a  deep  one,  before 
the  actual  work  of  laying  the  conduits  is  commenced, 
to  avoid  the  risk  of  injury  to  workmen  owing  to  the 
sides  falling  in,  or  the  necessity  for  doing  a  lot  of 
work  over  again  which  would  result,  entailing  waste 
of  time  and  consequent  heavy  loss. 


Fig.  178. 
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CHAPTER   XV. 

MANHOLES. 

IN  order  to  facilitate  the  work  of  drawing  in  or  out  of 
the  ducts  the  various  lengths  of  cable  and  of  jointing 
them,  manholes  of  different  sizes  are  usually  provided 
at  intervals  where  telephone  conduits  are  laid.  The 
distance  they  should  be  placed  apart  will  often  be 
determined  by  local  circumstances  and  requirements, 
but  in  straight  sections  a  distance  of  about  150  yards 
will  be  found  convenient  under  ordinary  conditions. 
Generally  speaking,  manholes  ought  to  be  built  at 
junctions  of  side  streets  with  the  thoroughfare  along 
which  the  main  conduits  are  laid,  so  that  branch 
mains  may  be  easily  led  into  them.  They  should  be 
of  such  dimensions  as  will  permit  of  at  least  two  men 
working  in  them  together.  Their  actual  size  is  as  a 
rule  determined  according  to  the  number  of  conduits 
that  will  terminate  in  them  in  each  direction.  A 
convenient  size  internally  to  build  manholes,  for  use 
under  ordinary  circumstances  is  about  6  feet  square. 
A  manhole  of  these  dimensions  will  afford  ample  space 
for  dealing  with  at  least  a  dozen  large  cables,  but 
where  a  much  larger  number  will  enter,  manholes 
should  be  enlarged  proportionately  if  practicable.  It 
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will  be  better  to  err,  if  at  all,  on  the  side  of  making 
them  a  little  too  large  rather  than  too  small  to  con- 
veniently answer  the  purpose  they  are  intended  to 
serve. 

Staffordshire  blue  pricks,  or  good  quality  stock  or 
facing  bricks,  and  concrete,  constitute  the  principal 
materials  commonly  employed  in  the  construction  of 


Fig.  179. 

the  large  majority  of  manholes,  which  are  usually 
built  after  the  manner  depicted  in  Fig.  179.  The  sides 
being  formed  of  9- inch  brickwork  laid  in  cement 
mortar,  and  the  floor  made  of  concrete,  with  a  sur- 
face of  neat  cement  about  1  inch  thick  smoothly 
trowelled  down.  The  roof  usually  consists  of  a  suit- 
able stone  flag,  which  should  not  be  less  than  4  inches 
thick,  supported  on  small  iron  or  steel  girders,  the 
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ends  of  which  rest  on  stone  templates  laid  on  the 
second  course  of  bricks,  and  firmly  secured  to  them  ; 
suitable  lengths  of  old  railway  metal  are  often  em- 
ployed and  answer  the  purpose  also  admirably.  An 
opening  about  20  inches  square  is  cut  in  the  stone 
slab  to  provide  a  means  of  obtaining  access  to  the 
interior  of  the  chamber,  round  which  is  fitted  a  cast 
iron  frame,  carrying  a  lid  or  cover  made  of  similar 
metal  and  wooden  blocks,  stone,  or  other  suitable 


material,  as  shown  in  Fig.  180,  which  represents  a 
common  type  of  cover  used  on  manholes  built  in 
roadways.  Covers  used  with  manholes  built  in  foot- 
ways usually  consist  of  a  similar  frame,  the  movable 
position  of  which  is  filled  in  with  cement  or  York 
stone  slabs. 

Large  manholes  which  have  to  be  built  in  ground 
of  a  very  wet  or  loose  nature  should  as  a  rule  have 
their  walls  constructed  of  14  or  even  in  some  cases 
18-inch  brickwork  in  order  to  ensure  sufficient  sta- 
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bility,  particularly  where  the  overhead  traffic  is  very 
heavy. 

The  roadway  manholes  or  jointing  chambers  for  use 
in  connexion  with  the  extensive  underground  conduit 
system  laid  down  by  the  British  Post  Office  in  London 
are  constructed  of  14-inch  brickwork  bonded  in  cement 
mortar,  and  the  roofs  consist  of  steel  troughing  sup- 
ported on  steel  joists.  They  are  built  of  three  different 
standard  sizes,  namely,  4'  x  8'  x  &  6" ',  5'  6"  x  8'  x  6', 
and  T  x  8'  x  6'.  For  use  on  footways  the  manholes 
are  built  of  much  smaller  size.  The  roadway  man- 
holes are  connected  to  those  in  the  footways  by  means 
of  3-inch  cast  iron  pipes.  Along  the  footways  small 
boxes  are  provided,  also  connected  by  means  of  cast 
iron  pipes  with  the  manholes ;  these  pipes  carry  the 
distributing  cables,  out  of  which  the  wires  can  con- 
veniently be  branched  off  in  these  boxes  to  the  users' 
premises. 

It  is  very  desirable,  though  not  absolutely  essential, 
that  manholes  should  be  made  watertight.  This 
object  is  however  somewhat  difficult  to  attain  in  a 
satisfactory  manner,  particularly  in  the  case  of  man- 
holes built  in  very  moist  ground,  in  the  manner 
already  described.  Several  methods  are  occasionally 
employed  with  more  or  less  success  in  order  to  attain 
the  desired  result,  but  they  all  involve  considerable 
additional  expense. 

One  of  the  most  satisfactory  methods  is  to  entirely 
envelop  the  manhole  in  asphalte  in  the  manner  shown 
in  Fig.  181,  which  represents  an  ordinary  brick-built 
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chamber  enveloped  in  this  way,  the  asphalte  covering- 
being  protected  and  kept  in  position  by  an  outer  wall 
of  single  brickwork,  securely  bonded  to  the  inner  walls, 
a  space  of  1  inch  being  left  between  the  two  walls, 
into  which  the  hot  compound  is  poured  as  the  courses 
are  built  up.  Half  way  through  the  concrete  flooring 
a  1-inch  layer  of  asphalte  is  also  laid,  which  is  con- 


Tig.  181. 

nected  with  that  between  the  walls.  This,  though  an 
expensive  plan  to  adopt,  is  very  effective  if  properly 
carried  out.  A  less  costly  method,  and  one  which  will 
be  found  satisfactory  enough  under  ordinary  circum- 
stances, is  to  surround  the  whole  manhole  with  well 
puddled  clay  to  a  thickness  of  about  1  foot ;  or  a  thick 
coating  of  cement  plastered  on  the  outside  of  the  walls 
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will  prove  effective  enough  for  all  practical  purposes  if 
the  ground  is  only  of  a  moderately  moist  nature.  Yet 
one  other  method  calculated  to  give  satisfactory  results 


Fig.  18lA. 

under  similar  conditions  is  to  build  the  walls  with  an 
air  space  between  them,  as  shown  in  Fig.  18lA. 

Manholes  sometimes  require  to  be  built  at  a  consider- 
able depth  below  the  surface  of  the  ground,  and  in  such 
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cases  the  walls  should  not  be  carried  up  too  near  the 
surface.  Greater  stability  will  be  obtained,  and  the 
CL-C  .ji  building  will  be  lessened  if  the  Chamber  is 


Fig.  182. 

built  of  the  ordinary  dimensions  at  the  required  depth, 
connexion  with  the  surface  being  effected  by  means  of 
a  shaft,  after  the  manner  illustrated  in  Fig.  182. 
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The  ends  of  conduits  terminating  in  manholes 
should  be  built  in  flush  with  the  inside  wall^. 
they  shouU  be  so  situated  with  regard  to  each 
other  that  cables  running  between  them  will  curve 
to  the  least  possible  extent.  They  should  never  be 
placed  as  shown  in  Fig.  183,  but  in  the  manner 
depicted  in  Fig.  184. 

No  special  means  are  employed  as  a  rule  in  order  to 
drain  and  ventilate  manholes  owing  to  the  very  great 
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Fig.  183. 


Fig.  184. 


difficulty  usually  experienced  in  attaining  these 
objects  in  a  perfectly  satisfactory  and  inexpensive 
manner.  Where  facilities  for  draining  and  venti- 
lating are  available,  they  should  however  be  taken 
advantage  of — particularly  in  the  case  of  manholes 
built  at  some  distance  below  the  surface  of  the 
ground.  If  drained  into  a  main  sewer  the  connecting 
pipe  should  of  course  be  fitted  with  a  suitable  trap  to 
prevent  the  ingress  of  sewer  gas  or  foul  air  into  the 
chamber.  When  a  manhole  cannot  be  drained,  the 
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floor  should  be  made  to  slope  slightly  towards  the 
centre,  where  a  sump  hole  should  be  made,  to  facilitate 
the  work  of  drawing  out  any  water  that  may  find 
its  way  in.  Trouble  is  often  experienced  owing  to 
the  intrusion  of  various  kinds  of  gas  into  manholes, 
particularly  if  built  in  very  loose  and  wet  ground, 
which  may  prove  a  source  of  great  danger  to  men 
working  in  them,  through  their  being  overcome  by 
the  fumes,  or,  in  the  case  of  coal  gas,  owing  to  its 
being  accidentally  ignited  and  causing  an  explosion. 
Too  much  care  cannot  therefore  be  exercised  in  order 
to  avoid  accidents  of  this  kind,  and  special  pre- 
cautions should  be  taken  accordingly,  otherwise  fatal 
consequences  may  not  unlikely  sometimes  be  the 
result.  Sewer  gas  likely  to  bs  met  with  is  of  two 
different  kinds,  viz.,  carbonic  acid  and  sulphuretted 
hydrogen.  The  presence  of  carbonic  acid  gas  in  a 
manhole  can  best  be  detected  by  using  a  naked  light 
as  an  indicator.  If  the  light  when  let  down  into  the 
chamber  goes  out  or  burns  very  low,  it  may  generally 
be  taken  as  an  indication  that  carbonic  acid  gas  is 
present,  and  means  should  be  taken  to  expel  it  before 
a  workman  is  allowed  to  enter. 

A  simple  plan  to  adopt  in  order  to  discover  the 
presence  of  sulphuretted  hydrogen  gas  is  to  dip  a 
sheet  of  white  blotting  paper  into  a  solution  of 
acetate  of  lead,  commonly  known  as  sugar  of  lead, 
and  lower  it  into  the  manhole  by  means  of  a  stick  or 
piece  of  string.  If  sulphuretted  hydrogen  gas  is  in 
the  manhole,  the  blotting  paper  will  at  once  turn  black. 
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The  presence  of  coal  gas  can  generally  be  best 
detected  by  its  smell. 

There  are  several  simple  methods  which  may  be 
conveniently  employed  in  order  to  clear  gas  out  of  a 
manhole.  One  plan  is  to  take  the  cover  off  the  man- 
hole in  which  gas  has  collected,  and  off  the  nearest 
one  to  it,  then  knock  the  wooden  plugs,  if  this  can  be 
done  with  safety,  out  of  one  or  two  spare  conduits 
running  between  the  two  chambers,  and  fix  a  wooden 
shaft  about  four  feet  high  into  the  cover  frame  of  the 
one  containing  the  gas.  A  draught  will  by  this 
means  be  created  sufficiently  strong  to  drive  the  gas 
out. 

Another  simple  plan  to  adopt,  and  one  which  will 
often  prove  effective,  is  to  stretch  a  cloth  or  linen 
screen  across  the  top  of  the  opposite  side  of  the 
entrance  to  the  manhole  to  that  from  which  the 
wind  may  be  blowing.  On  striking  the  screen  the 
wind  will  be  deflected  downwards,  thus  creating  an 
eddy  sufficient  to  drive  the  gas  out. 

Yet  another  methed  is  to  divide  the  manhole  into 
two  parts  by  means  of  a  linen  or  sail  cloth  screen, 
which  should  be  sufficiently  large  to  reach  from  the 
roof  to  within  about  six  inches  of  the  floor. 

Then  lower  a  can  of  hot  water  down,  letting  it  lay 
well  on  one  side  of  the  screen  only ;  this  will  warm 
any  foul  air  there  may  be  on  that  side,  and  cause  it 
to  ascend,  while  the  colder  air  from  the  other  side  of 
the  screen  will  take  its  place,  and  in  turn  be  warmed 
and  ascend  also.  This  arrangement  is  one  which  will 
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be  found  useful  in  cases  where  gas  is  constantly 
coming  into  a  manhole  which  has  to  be  occupied  by  a 
man  for  many  hours  at  a  time,  as,  for  example,  when 
jointing  large  cables.  If  a  workman  is  required  to 
stop  down  a  deep  manhole  where  sewer  or  other  gas 
is  likely  to  come  in  upon  him  suddenly,  he  should 
have  a  rope  fastened  under  his  arms  connected  with 
the  surface,  where  another  man  should  always  be 


Fig.  185. 


Fig.  185A. 

stationed  ready  to  haul  him  out  on  receiving  the 
slightest  indication  of  his  having  been  overcome  by 
noxious  fumes  of  any  kind. 

Where  two  or  three  ducts  only  are  laid,  it  is  not 
necessary  as  a  rule  to  incur  the  heavy  expense  in- 
volved in  providing  manholes.  Small  brick  pits  about 
3  feet  square  by  a  foot  deep  will  generally  meet  all 
necessary  requirements.  Small  jointing  chambers  of 
this  kind  are  simply  covered  over  with  a  stout  flag- 
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stone,  and  no  opening  is  provided,  they  being  com- 
pletely buried  underground,  as  when  the  cables  are 
once  drawn  in  and  jointed,  they  may  never  again 
require  to  be  uncovered. 

Where  one  or  two  cast-iron  pipe  ducts  only  are 
laid,  the  practice  usually  adopted  is  to  use  short  split 
pipes  at  the  ends  of  the  sections,  either  of  straight  or 
curved  form  as  required  similar  to  the  types  shown 


Fig.  186. 

in  Figs.  185  and  185A,  or  a  loose  collar  (Fig.  186)  is 
used  of  larger  diameter  than  the  duct  which  can  be 
drawn  over  the  cable  joint  when  made. 

The  two  halves  of  all  split  pipes  should  always  be 
well  packed  at  the  joints  with  red  lead  and  tow,  and 
their  ends  well  caulked  at  the  junction  with  the 
ducts  in  a  similar  manner,  and  the  bolts  fastening 
them  together  well  greased. 
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CHAPTEE  XVI. 

UNDERGROUND    AND    SUBMARINE    TELEPHONE    CABLES. 

PRIOR  to  the  introduction  of  "  dry  core "  cables, 
telephone  wires  were  only  carried  underground  to  a 
very  limited  extent,  owing,  as  has  already  been 
mentioned,  to  the  heavy  cost  involved  in  this  method 
of  running  them,  and  to  the  high  capacity  of  the 
best  types  of  cables  manufactured  at  that  time.  The 
French  department  of  posts  and  telegraphs  was  about 
the  first  administration  to  use  underground  wires  for 
telephonic  circuits  in  connexion  with  the  Paris 
Exchange.  These  wires  were  made  up  into  small 
cables  of  about  half  a  dozen  pairs  which  were  hung 
on  brackets  on  the  walls  of  the  city  sewers.  The  in- 
sulation, of  these  cables  consisted  of  gutta-percha  pro- 
tected by  stout  tape  or  braiding  saturated  with  some 
kind  of  waterproof  compound.  The  British  Post 
Office  also  at  an  early  date  adopted  underground 
wires  to  a  small  extent  in  connexion  with  a  local 
exchange  system  established  in  Newcastle-on-Ty'ne, 
made  up  into  small  cables  of  a  similar  type  to  those 
used  in  Paris,  the  conductors  being  twisted  in  pairs 
to  form  metallic  circuits ;  while  in  the  same  town, 
and  also  in  Birmingham  and  one  or  two  other  places, 
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the  National  Telephone  Company  likewise  laid  a 
number  of  their  circuits  underground ;  similar  cables 
or  separate  wires  insulated  with  gutta-percha  being 
employed,  a  number  of  which  are  still  in  use. 

The  high  capacity  of  covered  wires  of  this  kind, 
and,  when  used  to  form  earth  circuits,  the  heavy 
induction  between  wire  and  wire,  inseparable  from 
such  a  method  of  construction,  speedily  resulted  in 
efforts  being  made  by  manufacturers  to  construct 
cables  in  such  a  manner  as  would  be  likely  to 
minimize  these  troubles  as  much  as  possible.  One  of 
the  earliest  and  most  successful  in  some  respects  was 
the  "  Forten-Hermann  "  type  of  cable,  a  considerable 
amount  of  which  was  at  one  time  employed  in  Paris. 
The  insulating  medium  employed  in  these  cables  con- 
sists of  dry  birch  wood  beads,  each  bead  measuring 
one  centimetre  in  length  and  three  centimetres  in 
diameter.  The  conductors  insulated  in  this  manner 
are  twisted  in  pairs  to  form  a  cable  of  the  required 
number,  the  whole  core  is  then  drawn  into  a  lead 
tube  which  is  hermetically  sealed.  One  very  serious 
objection  to  this  type  of  cable  is  that  it  occupies  far 
too  much  space,  and  as  conservation  of  space  is  as  a 
rule  a  most  important  consideration,  its  use  is  under 
ordinary  conditions  inadmissible.  A  cable  containing 
six  pairs  only,  for  example,  measures  one  inch  in 
diameter.  The  capacity  of  this  make  of  cable  is  very 
low,  and  its  insulation  resistance  fairly  high,  and 
excellent  results  may  be  obtained  by  its  use. 

Owing  to  its  low  specific  inductive   capacity  and 
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high  insulating  qualities,  paraffin  wax  was  much 
used  as  an  insulating  medium  in  many  of  the  earlier 
types  of  underground  telephone  cables.  One  of  the 
best  known  of  this  kind  is  the  "  Patterson "  cable, 
manufactured  by  the  Western  Electric  Company,  and 
at  one  time  very  extensively  used  in  the  United 
States. 

In  this  make  of  cable,  the  conductors  are  insulated 
from  each  other  by  two  or  three  wrappings  of  cotton 
thoroughly  saturated  with  paraffin,  and  laid  up  very 
loosely  together  to  form  a  cable  of  any  required  num- 
ber of  wires.  The  core  thus  formed  is  then  drawn 
into  a  leaden  pipe  about  a  quarter  of  an  inch  larger 
in  diameter  than  itself,  and  this  excess  space  is  filled 
up  with  melted  paraffin  wax,  which  is  forced  into  it 
under  heavy  pressure. 

Another  similar  make  of  cable  is  that  known  as 
the  "  Waring,"  the  insulating  medium  in  which 
consists  of  two  or  three  layers  of  cotton  saturated 
with  a  heavy  distillation  of  petroleum  instead  of 
paraffin  wax.  The  advantages  claimed  for  petroleum 
as  an  insulating  medium  is  that  it  does  not  deterior- 
ate, and  is  not  liable  to  disintegration,  being  an 
exceedingly  refractory  substance.  It  is  also  asserted 
that  its  insulating  qualities  are  not  detrimentally 
affected  by  heat  in  any  way. 

Anti-induction  cables  of  similar  construction  to 
those  used  overhead,  described  in  a  previous  chapter 
have  been  also  extensively  employed  underground, 
particularly  on  the  continent. 
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Although  the  types  of  cables  just  described  to  some 
extent  attained  the  object  of  reducing  the  troubles 
clue  to  induction,  and  their  capacity  was  considerably 
lower  than  that  of  other  cables  used  prior  to  their 
introduction,  they  nevertheless  were  not  efficient 
enough  in  these  and  other  respects  to  meet  practical 
requirements.  Where  a  comparatively  few  lines  only 
were  needed,  and  the  distance  between  the  points  to 
be  telephonically  connected  together  were  short,  such 
cables  answered  very  well,  but  these  conditions  are 
nowadays  exceptional.  This  being  the  case,  it  was 
necessary  to  devise  some  still  more  efficient  type  of 
cable,  and  the  solution  of  the  problem  of  efficient  tele- 
phone cable  construction  was  eventually  found  in  the 
use  of  paper  and  dry  air  as  an  insulating  medium. 
Besides  the  electrical  qualities  of  cables  in  which  paper 
is  employed  as  a  dielectric,  being  far  higher  in  every 
way  than  those  of  any  other  kind,  they  also  possess 
the  enormous  advantage,  that  considerably  more  wires 
can  be  enclosed  within  a  given  space.  Cables  of  this 
type,  containing  as  many  as  one  thousand  wires  (500 
pairs),  are  now  made,  which  are  contained  in  a  lead 
tube  of  about  two  and  three-quarter  inches  in  diameter. 

In  the  first  cables  of  this  type  employed,  the  paper 
insulation  was  impregnated  with  paraffin,  the  object 
being  to  prevent  absorption  of  moisture  from  the 
atmosphere,  but  this  plan  is  not  now  followed,  it  being 
considered  unnecessary,  and  what  are  known  as  "  dry 
core  "  cables  are  now  almost  exclusively  employed  by 
all  up-to-date  telephone  administrations,  the  insulating 
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medium  of  which  consists  simply  of  dry  paper  so  laid 
on  the  wires  that  dry  air  can  freely  circulate  round 
them. 

In  some  makes  of  this  class  of  cable,  the  paper, 
which  is  in  the  form  of  a  ribbon  from  three-eighths  to 
three-quarters  of  an  inch  wide  and  about  five  mils 
thick,  is  laid  on  longitudinally  or  twisted  spirally 


Fig.  187. 

round  the  conductors,  and  is  in  some  makes  kept  in 
position  by  means  of  a  cotton  thread  wound  round 
the  paper  with  a  lay  of  about  one  inch. 

In  some  cases  it  is  also  the  practice  to  enclose  each 
pair  of  covered  conductors  in  another  paper  envelope, 
as  shown  in  Fig.  187.  While  this  lessens  the  chance 
of  contacts  occurring  between  the  wires  of  different 
pairs,  and  adds  to  the  mechanical  strength  of  a  cable, 
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it  on  the  other  hand  raises  its  electrostatic  capacity 
and  adds  to  its  bulk  and  weight. 

The  two  conductors  forming  each  pair  in  a  cable  are 
usually  served  with  different  coloured  paper  to  facili- 
tate identification,  the  colours  employed  being  as  a 
rule  red  or  pink,  and  white,  one  wire,  generally  the  red 
or  pink  as  the  case  may  be,  being  called  the  A  line 
and  the  other  the  B  line.  After  the  conductors  have 
been  served  with  their  paper  coverings  they  are 
twisted  together  in  pairs  with  a  lay  of  about  four 
inches,  and  laid  up  together  in  regular  layers  to  form 
cables  of  the  required  number  of  pairs,  two  wires  of 
one  pair  in  each  layer  being  coloured  the  same  to  fa- 
cilitate the  work  of  testing  and  jointing.  The  several 
layers  are  laid  up  alternately  with  a  right  handed  and 
left  handed  lay.  The  whole  core  is  then  served  with 
a  wrapping  of  plain  cotton  tape  or  braiding,  or  with 
a  paper  ribbon  of  suitable  size,  and  is  then  thoroughly 
dried  in  a  hot  air  chamber  kept  at  a  uniform  tempera- 
ture, which  should  not  exceed  225  deg.  Fah.  The 
period  of  time  taken  to  effectively  dry  a  cable  core  by 
this  means  is  usually  from  three  to  six  days,  it  vary- 
ing, of  course,  with  the  size  of  the  cable  and  the 
amount  of  moisture  it  may  have  absorbed  from  the 
atmosphere  during  the  process  of  manufacture. 
Another  and  more  expeditious  method  of  drying  out 
is  to  put  the  core  in  an  iron  cylinder  and  dry  it  under 
vacunm.  When  the  drying  out  process  is  completed 
the  core  is  enclosed  in  a  lead  tube  containing  gener- 
ally about  three  per  cent,  of  tin  in  its  composition. 
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The  method  of  serving  the  core  with  its  leaden 
sheathing  is  to  draw  it  on  pulleys  through  a  vessel 
containing  the  molten  metal,  which  is  heated  to  a 
temperature  of  not  less  than  600  deg.  Fah.  At  the 
bottom  of  the  vessel  is  fixed  a  die,  through  which  the 
core  is  drawn,  the  lead  being  forced  round  it  under  an 
hydraulic  pressure  of  about  three  tons  to  the  square 


Fig.  188. 

inch.  The  cable  thus  completed  is  then  laid  in  a  tank 
of  water  for  about  twenty-four  hours,  when  it  is  tested 
for  insulation  resistance,  capacity,  and  conductivity. 

The  sheathing  of  dry  core  cables  is  a  part  of  their 
manufacture,  which  must  always  be  carried  out  with 
the  greatest  possible  care,  as  their  efficiency  will  to  a 
large  extent  depend  upon  this  part  of  the  work  being 
effectively  done,  and  none  but  the  very  highest  quality 
of  material  ought  to  be  employed.  The  lead  used 
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should  be  capable  of  withstanding  a  considerable 
amount  of  bending  without  splitting,  and  its  tensile 
strength  should  be  the  highest  attainable. 


Fig.  189. 

The  thickness  of  the  lead  sheathing  of  dry  core  cable 
varies  from  about  110  to  160  mils,  according  to  the 
size  of  the  core. 

Fig.  188  shows  the  method  in  which  the  conductors 


254  TELEPHONE  LINES.  [CHAP. 

in  a  dry  core  cable  manufactured  in  the  way  just 
described  are  laid  up  together,  a  few  of  the  conductors 
of  the  outer  layer  being  removed,  so  that  the  next 
layer  can  ba  clearly  seen,  while  Fig.  189  shows  the 
end  of  a  similar  cable  in  its  lead  sheath,  containing 
408  conductors  (204  pairs),  in  which  each  layer  is  ex- 
posed to  view. 

In  some  makes  of  dry  core  cable  the  lead  sheathing 


Fig.  190. 


is  served  with  a  covering  of  stout  cotton  braiding,  the 
object  of  which  is  to  protect  it  from  abrasion  while 
being  drawn  into  a  conduit.  The  provision  of  this 
covering,  while  adding  considerably  to  the  cost  of  a 
cable,  is  of  little  real  practical  advantage,  but  is  in 
fact  considered  by  many  telephone  engineers,  if  any- 
thing, rather  a  disadvantage,  as  in  course  of  time  the 
braiding  will  perish,  and  should  a  cable  so  served 
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require  to  be  withdrawn  from  the  conduit  in  which  it 
is  laid,  portions  of  the  decayed  braiding  might  become 
detached  and  clog  the  duct. 


Fig.  190A. 


Fig.  190s. 

Another  objection  to  the  lead  sheathing  being 
covered  is,  that  greater  difficulty  is  experienced  in 
locating  minute  faults  in  it,  such  as  small  holes, 
cracks,  or  blisters. 
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One  other  method  of  protecting  lead  covered  dry 
core  and  other  cables,  which  is  used  in  order  to 
strengthen  as  well  as  protect  them  from  mechanical 
injury,  is  to  serve  them  with  a  lapping  of  steel  tape 
or  wires  (Figs.  190,  190A  and  190s). 

Many  of  the  cables  laid  together  in  the  large  single 
cast-iron  conduits  used  in  Zurich  and  other  towns  in 
Switzerland  are  protected  in  this  way.  This  method 
of  protection  adds  very  much  to  the  cost  of  a  cable, 
and  as  a  general  rule,  therefore,  it  is  only  employed 
in  some  cases  where  they  are  laid  direct  011  the  ground 
without  the  protection  afforded  by  a  conduit  of  any 
kind  whatever,  as  shown  in  Fig.  191,  which  illustrates 
a  cable  so  protected  being  laid  in  this  way,  or  when 
used  under  water.  The  class  of  cable  which  is  being 
used  by  the  British  Post  Office  in  London  is  of  the 
dry  core  type.  Each  conductor  in  these  cables  is 
covered  with  one  paper  wrapping  only,  and  the 
complete  cores  have  no  other  protection  than  that 
afforded  by  their  lead  sheathing.  Two  different  sizes 
of  copper  wire  are  used,  that  for  subscribers'  local 
service  lines  weighing  20  Ib.  per  mile.  This  wire  has 
a  conductivity  of  43'89  ohms  per  mile,  and  its  diameter 
is  about  36  mils. 

For  junction  lines,  wire  weighing  40  Ib.  per  mile 
is  employed,  the  diameter  of  which  is  about  50  mils 
and  the  conductivity  about  21-94  ohms  per  mile.  The 
paper  dielectric  is  5  mils  in  thickness,  that  used  with 
the  small  gauge  of  wire  being  half  an  inch  wide,  and 
that  on  the  large  size  three-quarters  of  an  inch,  and 
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Fig.  191. 
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it  is  in  each  case  laid  on  longitudinally  with  the 
edges  slightly  overlapping.  Each  conductor  is  served 
with  a  spiral  wrapping  of  thread  to  retain  the  paper 
in  its  proper  position.  The  20  Ib.  wires  are  twisted 
together  in  pairs  with  a  lay  of  4  inches  and  the  40  Ib. 
with  a  lay  of  6  inches,  one  paper  covering  being 
coloured  red  and  the  other  white.  Between  each  layer 
of  conductors  forming  a  core  a  paper  ribbon  is  pro- 
vided, laid  on  spirally,  and  the  outside  of  the  completed 
core  is  similarly  covered. 

The  number  of  conductors  in  the  cables  used  for 
subscribers'  line  circuits  range  from  7  to  217  pairs, 
but  in  those  used  for  junction  line  circuits  the  largest 
size  does  not  contain  more  than  108  pairs. 

The  electrostatic  capacity  of  each  wire  in  these 
cables  is  '08  microfarad  par  mile,  measured  with  all 
the  other  wires,  and  the  lead  sheathing  put  to  earth. 
The  insulation  resistance  of  each  conductor,  it  is  speci- 
fied, must  not  be  less  than  10,000  megohms  per  mile 
at  a  temperature  of  50  deg.  Fah.,  after  one  minute's 
electrification,  the  test  being  made  with  all  the  re- 
maining wires  and  the  lead  sheathing  joined  to 
earth. 

In  the  following  table  will  be  found  some  useful 
information  with  regard  to  the  approximate  weight 
and  dimensions  of  various  sizes  of  underground  dry 
core  cable  generally  employed. 
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TABLE  GIVING  APPROXIMATE  WEIGHT  AND  DIMENSIONS 
OP  VARIOUS  SIZES  OF  DRY  CORE  CABLE. 


Xo.  of  Pairs. 

External 
diameter  of 
sheath  iu 
inches. 

Thickness 
of 
lead  in  rails. 

Diameter 
of  conductors 
in  mils. 

Weight 
per  mile. 

Tons. 

7 

•700 

110 

36 

2-48 

7 

•880 

115 

50 

3-57 

14 

•900 

115 

36 

3-74 

14 

1-150 

130 

50 

5-44 

26 

1-250 

140 

36 

5-020 

26 

1-600 

140 

50 

8-62 

37 

1-350 

140 

36 

6-98 

37 

1-750 

140 

50 

9-82 

52 

1-550 

140 

36 

8-302 

52 

2-050 

150 

50 

12-606 

61 

1-650 

140 

36 

9-03 

61 

2-200 

150 

50 

13-85 

77 

1-850                150 

36 

9-36 

77 

2-450 

160 

50 

16-80 

90 

1-900 

150 

36 

11-54 

90               2-600                160 

50 

18-16 

102               2-050                150 

36 

12-77 

102               2-850 

175 

50 

20-73 

153               2-310                156 

36 

14-15 

204               2-420                156 

36 

15-35 

220               2-650 

160 

36 

19-63 

255               2-650 

160 

28 

14-25 

306               2-680 

160 

28 

15-36 

306               2-680 

160 

36 

21-25 

As  already  mentioned,  the  distance  articulate  speech 
can  be  transmitted  over  a  telephone  line  circuit  is 
limited  by  its  electrostatic  capacity,  conductivity, 
and  electro- magnetic  inertia.  These  forces  have  so 
far  proved  an  insuperable  obstacle  to  all  attempts 
which  have  been  made  to  solve  the  problem  of  trans- 
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oceanic  telephony.  That  these  deterring  influences 
will  eventually  be  successfully  overcome  by  some 
means  or  other  there  is  little  room  for  doubt,  and  at 
no  very  distant  date  it  will  probably  be  as  easy  to 
communicate  verbally  between  London  and  New  York 
as  it  is  at  the  present  time  to  transmit  a  message 
telegraphically  between  the  same  cities. 

Some  progress  has  already  been  made  in  this  direc- 
tion, and  several  comparatively  short  submarine  tele- 
phone cables  are  now  in  successful  operation  in  various 
parts  of  the  world.  Some  of  these  cables  have  been 
hi  use  for  several  years  past,  notably  those  laid  by  the 
British  Post  Office  between  Dover  and  Calais,  and 
between  Donaghadee  in  County  Down,  Ireland,  and 
Scotland,  in  the  one  case  forming  part  of  the  line 
circuits  connecting  London  with  Paris,  and  in  the 
other  connecting  Belfast  with  Glasgow.  These  cables 
were  designed  by  Sir  "W.  H.  Preece,  late  Chief 
Engineer,  and  at  present  Consulting  Engineer  to  the 
Department,  and  Mr.  Kempe,  one  of  its  chief  technical 
officers. 

The  cable  connecting  Ireland  with  Scotland  is 
23-809  knots  in  length.  It  contains  four  conductors 
forming  two  metallic  loops  each  composed  of  several 
strands  of  copper  wire  weighing  160  Ibs.  per  knot, 
having  a  capacity  of  '275  microfarads  and  a  resistance 
of  7^  ohms  per  knot.  The  diameter  of  the  conductors 
is  -095  inches,  and  the  insulating  medium  used  consists 
of  three  separate  layers  of  gutta-percha.  Over  the 
two  pairs,  which  are  laid  up  together  in  the  usual 
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manner,  a  brass  sheath  is  drawn,  this  being  provided 
as  a  protection  against  the  Toredo  insect.  Over  this 
brass  sheath  is  then  laid  a  covering  of  tarred  hemp, 
which  serves  as  a  cushion  for  a  further  metallic  sheath- 
ing consisting  of  16  galvanized  steel  wires  laid  on 
spirally,  each  of  these  wires  having  a  diameter  of  '28 
inches.  Over  this  sheathing  is  laid  a  final  protecting 
coating  made  of  a  mixture  of  mineral  pitch  and  sand 
(Fig.  192).  The  cable  laid  under  the  English  Channel 
is  of  exactly  similar  construction,  with  the  exception 
that  the  brass  sheath  is  not  provided.  Its  length  is 
23  miles. 


Fig.  192. 
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CHAPTER  XVII. 

DRAWING      IN      CABLE. 

THE  process  of  drawing  cables  into  the  conduits 
provided  for  them  is  under  ordinary  conditions,  a 
comparatively  simple  one.  Exercise  of  the  greatest 
possible  care  011  the  part  of  the  men  engaged  in 
carrying  on  this  work  is  however  most  essential  in 
order  to  avoid  damaging  the  cables  in  any  way, 
particularly  in  the  case  of  those  of  the  dry  core 
type.  A  wire  is  sometimes  threaded  through  each 
duct  as  laid  to  be  used,  for  the  purpose  of  drawing 
through  the  rope  or  chain  by  means  of  which  the 
cable  is  to  be  pulled  through  when  the  section 
between  the  manholes  is  completed.  When  this  pro- 
vision has  not  been  made,  some  other  means  must  be 
employed  in  order  to  get  the  draw-rope  or  chain,  as 
the  case  may  be,  through  the  ducts.  Several  methods 
of  effecting  this  have  been  tried,  but  the  only  one 
that  has  proved  of  any  practical  value  is  that  known 
as  "  rodding."  This  consists  of  pushing  a  number  of 
bamboo  rods,  joined  together  to  form  one  continuous 
length  through  a  duct  from  one  manhole  to  another. 
These  rods  are  generally  made  in  three  or  five  foot 
lengths,  'and  from  half  an  inch  to  one  and  a  quarter 
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inches  in  diameter,  each,  rod  being  provided  at  one  end 
with  a  brass  female  screw  ferrule  and  at  the  other  with 
a  male  screw  ferrule,  securely  riveted  to  the  cane,  as 
shown  in  Fig.  192 A.  Great  care  should  always  be 
taken  to  see  that  the  various  lengths  are  securely 
screwed  together  to  avoid  the  chance  of  their  coming 
apart  while  being  pushed  through  the  duct.  Rods  of 
this  kind  can  be  pushed  through  a  section  as  long  as 
250  yards.  In  rodding  such  long  sections  as  this 
however  it  is  as  well  to  use  three  different  sizes  of 
rods,  light  ones  being  pushed  in  first,  then  those  of 


Fig.  192s. 

medium  size,  and  lastly  stout  ones.  The  jointed  rods 
should  be  given  a  right  hand  twist  while  in  the  duct 
after  each  one  has  been  joined  on ;  this  movement 
ensures  their  keeping  firmly  screwed  together  and  at 
the  same  time  clears  the  end  of  the  first  rod  away 
from  any  obstruction  which  might  otherwise  impede 
its  even  progress  through  the  duct :  with  this  latter 
object  also  the  end  of  the  first  rod  should  have  a 
metal  ball  or  wheel  fixed  to  it. 

In  order  to  prevent  all  chance  of  rods  coming  apart, 
they  can  be  locked  together  by  means  of  the  patent 
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device  shown  in  Fig.  192B.  This  consists  of  a  spring 
catch,  fitted  in  the  female  screw  ferrule,  which  drops 
into  a  slot  cut  in  the  male  ferrule  when  it  is  screwed 
firmly  home.  Bamboo  draw-rods  should  never  be  left  in 
a  damp  conduit  for  any  length  of  time — over  night,  for 
example — as,  if  so  left,  they  will  soon  lose  their  elasticity 
and  become  decayed  and  consequently  useless.  When 
a  sufficient  number  of  rods  have  been  pushed  into  the 
duct  to  reach  from  one  end  to  the  other  of  a  section,  a 
rope  is  attached  to  the  end  one  by  means  of  a  suitable 
clip,  and  the  rods  withdrawn  at  the  far  end,  the  rope 
being  by  this  means  pulled  through  the  duct  as  they 
are  drawn  out. 


Fig.  193. 

To  the  end  of  this  rope  should  then  be  joined  a 
piece  of  lead  pipe  or  old  cable  about  4  feet  long  and  2|- 
inches  in  diameter,  followed  by  a  round  stiff  brush, 
and  to  the  other  side  of  the  brush  another  rope  or 
chain,  as  shown  in  Fig.  193.  The  rope  lying  in  the 
duct  is  then  drawn  out  at  the  far  end,  the  plug,  brush 
and  chain  following  after  it.  The  object  served  by  the 
plug  and  brush,  as  will  be  apparent,  is  to  clear  the  duct 
of  all  obstructions  likely  to  impede  the  progress  of  the 
cable  when  being  pulled  in,  or  injure  it,  while  the 
second  rope  or  chain  will  be  used  for  this  latter  pur- 
pose or  for  drawing  the  plug  and  brush  back  again 
should  they  get  jambed  in  any  part  of  the  duct  so 
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that  they  cannot  be  pulled  farther  forward.  The 
brush  used  should  fit  the  duct  closely  all  round, 
but  not  so  tightly  as  to  prevent  its  passing  easily 
through  it. 

The  usual  method  employed  of  attaching  a  cable  to 
a  drawing-in  rope  or  chain  is  by  means  of  some  suit- 
able form  of  clip,  or  by  plaiting  a  double  tail  of 
manilla  rope  round  its  end  as  shown  in  Fig.  194. 

This  latter  method  is  an  excellent  one  to  employ  for 
cables  containing  not  more  than  about  100  pairs  of 


Fig.  194. 


Ofi 


Fig.  195. 

wires,  but  is  not  suitable  for  use  with  those  of  larger 
size.  For  larger  sized  cables  a  clip  should  always  be 
used.  A  very  common  type  of  clip  is  shown  in  Fig. 
195,  which  consists  simply  of  a  U-shaped  piece 
of  wrought  iron  made  slightly  concave  on  the  inside 
to  fit  the  rounded  surface  of  the  lead  sleeve  of  the 
cable.  In  the  arms  are  drilled  several  holes  through 
which  screws  are  passed  to  fix  the  clip  to  the  cable 
end  as  shown  in  the  sketch.  These  screw  holes  should 
be  well  covered  with  red  lead  to  prevent  any  chance  of 
water  getting  into  the  cable  end  through  them  should 
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there  happen  to  be  any  in  the  duct.  The  ends  of 
cables  for  about  a  foot  of  their  length  are  often  made 
solid  by  being  filled  tightly  with  paraffin  wax,  or 
some  other  similar  suitable  waterproof  compound,  but 
these  so-called  solid  ends  cannot  be  depended  upon  to 
keep  out  water,  and  consequently,  when  holes  are 
made  in  them  for  the  purpose  of  fastening  on  a  clip  of 
any  kind,  they  should  be  filled  up  after  a  strain  has 
been  put  upon  the  clip,  either  with  red  lead,  as  already 


stated,  or  boiling  para.ffin  wax.  The  clip  should  then 
be  thickly  covered  with  some  suitable  form  of  lubri- 
cating grease,  and  the  whole  cable  similarly  treated 
as  it  enters  the  duct. 

To  avoid  all  chance  of  a  cable  being  damaged  by 
water  getting  into  the  end,  it  is  advisable  not  to  use 
a  clip  of  any  kind  which  requires  to  be  fastened  on  by 
screws  or  any  other  fastening  which  will  puncture 
the  lead  sheathing,  if  it  is  known  that  the  duct  is 
likely  to  contain  water.  A  useful  clip  to  employ 
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tinder  favourable  conditions,  which  can  be  securely 
attached  to  a  cable  without  breaking  into  the  lead 
covering,  is  illustrated  in  Fig.  196.  It  consists  of 
a  cylinder  of  wrought  iron  or  steel  about  8J  inches  in 
length,  open  at  one  end,  and  the  other  end  formed 
into  a  cone-shaped  head  1J  inches  long,  through  a 
hole  in  the  centre  of  which  works  a  screw,  the  outer 
end  of  this  screw  being  provided  with  an  eye,  to 
which  the  draw-rope  or  chain  is  hooked.  The  cylin- 
der is  open  on  two  sides  for  4|  inches  of  its  length 
and  half  its  circumference,  and  into  these  openings  fit 
two  curved  iron  wedges  1}  inches  in  length,  which 
are  nicked  on  the  inner  surface  as  shown  in  sketch. 
This  clip  is  attached  to  the  cable  in  the  following 
manner : — 

The  end  of  the  cable  which  requires  to  be  drawn 
into  the  conduit  is  first  sawn  off  squarely'and  the  ends 
of  the  wires  are  driven  back  into  the  sheath  by  means 
of  a  suitable  tool,  for  a  distance  of  2  inches,  the  centre 
wires  of  the  core  being  driven  in  first.  The  lead 
sleeve  is  then  dressed  down  until  it  covers  the  driven- 
in  wires  and  completely  closes  in  the  end  of  the  cable, 
the  centre  being  made  slightly  concave,  and  the  hol- 
low so  formed  filled  up  with  solder.  Over  the  end 
of  the  cable  made  solid  in  this  way  the  cylinder  of 
the  clip  is  then  slipped  until  the  end  butts  up  against 
a  circular  plate  fixed  to  the  inner  end  of  the  screw. 
The  two  wedges  are  then  fixed  in  position,  and  the  screw 
is  turned  until  they  tightly  grip  the  cable  end.  It  is 
necessary  to  see  that  these  wedges  fit  into  their  posi- 
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tions  accurately.  If  properly  fixed  this  clip  will  with- 
stand a  stress  of  several  tons  weight  without  losing  its 
hold.  Cables  are  always  stored  and  transported  from 
place  to  placs  on  iron  or  wooden  drums  or  reels. 
Through  the  centre  of  each  drum  a  hole  about  2J 
inches  in  diameter  is  made,  through  which  a  steel 
spindle  2  inches  in  diameter,  is  passed,  it  being  long 
enough  to  allow  of  its  ends  resting  on  suitable  supports 


Fig.  197. 

on  either  side  of  the  drum,  and  the  latter  being  easily 
rotated  when  slightly  raised  from  the  ground. 

In  Fig.  197  is  shown  a  useful  form  of  support  com- 
monly employed  for  carrying  a  cable  drum.  It  con- 
sists of  a  strongly  built  trestle,  through  the  head  of 
which  a  screwed  wrought-iron  rod  1  inch  in  diameter 
is  passed,  in  the  lower  end  of  which  an  eye  is  pro- 
vided large  enough  to  permit  the  drum  spindle  to  pass 
through.  By  means  of  a  nut  fixed  on  the  head  of  the 
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trestle,  which  rests  on  an  iron  plate,  the  cable  drum 
can  be  easily  raised  from  the  ground  to  any  required 
height  by  turning  the  nut  with  a  large  spanner,  and 
in  a  very  short  space  of  time,  and  with  the  expendi- 
ture of  a  minimum  amount  of  labour.  Another  form 
of  support  often  employed  is  a  pair  of  large  and 
strongly  constructed  wheels,  upon  the  axle  of  which 
the  drum  is  supported  and  revolved,  these  wheels  being 
also  used  for  transporting  it  from  place  to  place. 

In  order  to  get  the  drum  into  position  on  these 
wheels  its  centre  must  be  raised  to  the  level  of  the 
axle  by  the  drum  being  run  up  an  inclined  plane,  or 
by  using  other  suitable  means.  This  involves  a  con- 
siderable amount  of  labour  and  waste  of  time  which 
makes  a  drum-carrier  of  this  kind  a  less  desirable  form 
to  employ  for  general  use  than  the  trestles  already  de- 
scribed. It  will  however  be  found  useful  for  carrying 
drums  containing  long  lengths  of  small  sized  cable,  as 
when  a  portion  of  the  cable  has  been  run  into  one 
section  of  a  duct  the  carriage  can  be  easily  rolled  to 
another  manhole. 

For  drawing  in  cables  of  large  size  some  form  of 
winch  is  generally  employed,  either  fixed  in  a  man- 
hole or  close  to  it  above  ground.  The  ordinary  single 
purchase  winch  is  that  most  often  used.  This  is  fixed 
above  ground  close  to  the  opening,  and  in  such  a  posi- 
tion that  a  straight  lead  can  be  obtained  with  the 
rope  or  chain  used  with  it,  into  the  end  of  the  duct 
through  which  a  cable  is  to  be  drawn.  Under  favour- 
able conditions  cables  can  be  drawn  in  very  quickly 
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by  using  a  winch  of  this  kind,  but  it  will  often  be 
found  necessary  to  employ  the  device  shown  in  Fig. 
198  with  it  in  order  to  obtain  a  direct  pull. 

When  a  very  large  number  of  cables  have  to  be 
drawn  in,  it  will  sometimes  be  found  very  advantage- 
ous to  use  a  winch  driven  by  steam  or  other  mechani- 
cal power,  as  the  work  can  by  this  means  be  carried 
out  much  more  expsditiously  than  if  manual  labour 
only  is  employed. 


Fig.  198. 

Another  method  frequently  employed  for  drawing 
in  cable,  particularly  on  the  continent,  is  to  use  a  cap- 
stan instead  of  a  winch,  and  cable  can  be  drawn  in 
very  quickly  by  this  means. 

It  will  often  be  found  very  difficult,  and  sometimes 
quite  impracticable,  to  obtain  a  direct  pull  on  a  cable 
by  means  of  any  form  of  winch  fixed  above  ground, 
and  supplementary  apparatus.  Under  such  condi- 
tions a  small  geared  winch  which  can  be  readily  fixed 
and  used  in  any  position  inside  the  manhole,  will  be 
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found  invaluable.  Fig.  199  illustrates  a  winch  of  this 
kind,  specially  designed  for  drawing  in  cable,  and  by 
means  of  which  long  sections  of  the  very  heaviest 
cables  made  can  be  easily  drawn  through  a  duct, 
under  favourable  conditions  by  one  man,  but  not 


Fig.  199. 

quite   so   quickly  as  with  an  ordinary  winch    fixed 
above  ground. 

With  this  small  winch  a  chain  is  used,  the  links  of 
which  engage  on  the  clutches  fixed  to  the  sprocket 
wheel,  which  are  clearly  shown  in  the  illustration. 
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Small  sized  cable  can  often  be  drawn  in  much, 
quicker  by  hand  than  by  using  any  form  of  winch  ; 
but  the  best  results  are  obtainable  by  the  use  of  a  set 
of  blocks  and  tackle  where  a  straight  pull  can  be 
obtained.  By  this  means  the  work  of  drawing  in 
can  as  a  rule  be  carried  out  in  little  more  than  half 
the  time  occupied  when  using  a  winch. 

Anchorage  for  the  blocks  can  usually  be  readily 
obtained  by  driving  a  crowbar  into  the  ground.  It 
will  occasionally  be  found  desirable  to  draw  a  cable 
right  through  a  manhole  in  order  to  save  jointing  it, 
thereby  minimizing  the  chance  of  damp  getting  into 
it  through  a  defectively  plumbed  joint.  If  the  cable 
is  of  small  size  little  difficulty  will  as  a  rule  be  ex- 
perienced in  drawing  it  through  an  intermediate  man- 
hole, even  though  the  ducts  on  either  side  of  it 
are  laid  at  different  levels ;  but  if  the  cable  is  of  large 
size  the  work  of  drawing  it  through  the  intermediate 
manhole  and  the  second  duct  section,  will,  under  such 
conditions,  usually  be  found  to  be  a  very  slow,  tedious, 
and  difficult  process,  as  only  a  foot  or  two  of  its  length 
can  be  fleated  through  at  a  time. 

When  the  ducts  on  either  side  of  a  manhole  are  laid 
at  the  same  level,  and  with  their  ends  exactly  oppo- 
site to  each  other,  the  work  of  drawing  a  cable  through 
the  manhole  and  second  duct  section  can  be  easily 
carried,  out,  the  necessary  power  being  applied  at  the 
distant  manhole. 

For  pulling  or  fleating  a  cable  through  an  inter- 
mediate manhole  in  which  the  ducts  are  laid  at 
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different  levels  some  form  of  grip  must  be  used,  in 
conjunction  with  a  winch  or  other  suitable  form  of 
mechanical  power.  A  form  of  grip  for  use  in  carrying 
out  this  kind  of  work  is  shown  in  Figs.  200  and  201, 
and  if  carefully  made  and  properly  fitted  on  the  cable 
will  be  found  to  answer  its  purpose  most  efficiently. 

Ifc  consists  simply  of  two  blocks  of  wood  hollowed 
out  on  one  side  to  fit  the  cable,  and  lined  with  lead. 


Fig.  200, 


Fig.  201. 

Between  the  two  blocks  when  laid  on  the  cable  a 
space  of  about  a  quarter  of  an  inch  is  left  to  allow  of 
their  being  tightened,  which  is  effected  by  means  of 
bolts  passed  through  the  blocks  at  either  end.  A  grip 
of  this  kind  can  be  readily  and  inexpensively  made 
out  of  an  oak  arm  and  a  couple  of  ordinary  arming 
bolts. 

The  best  position  in  which  to  place  a  cable  drum 
fixed  on  its  supports  is  close  to  the  manhole  and 
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directly  over  the  duct  into  which  the  cable  it  carries 
is  to  be  served,  the  cable  being  taken  off  the  drum 
from  the  top,  as  by  so  doing  a  direct  lead  can  gener- 
ally be  obtained  into  the  duct. 

A  man  should  always  be  stationed  down  the  man- 
hole to  guide  the  cable  into  the  duct  and  save  it  from 
being  bent  or  otherwise  injured  and  to  well  cover  it 
with  lubricating  grease.  Another  man  should  revolve 
the  drum  and  regulate  the  speed  at  which  the  cable 
is  paid  out,  and  carefully  examine  it  in  order  to 
detect  any  flaws  there  may  be  in  the  lead  sheathing. 

Any  punctures  that  may  be  discovered,  or  other 
defects,  should  be  at  once  made  good  ;  small  holes 
should  be  soldered  and  not  beaten  up  only.  Too 
much  care  cannot  be  exercised  by  workmen  in  hand- 
ling cables  of  any  kind  when  bsing  drawn  into  con- 
duits as  they  are  very  easily  damaged. 

When  ordering  from  the  manufacturers  a  section 
of  cable  to  be  laid  in  a  particular  length  of  conduit, 
sufficient  allowance  over  and  above  the  actual  length 
of  the  duct  should  always  be  added  for  jointing. 

This  allowance  should  not  be  less  than  will  allow 
the  two  ends  of  the  cable  sections  to  be  jointed  to- 
gether, to  overlap  each  other  by  2  feet.  Wherever 
practicable,  however,  sufficient  length  should  be 
allowed  to  permit  of  the  cables  when  jointed  being 
carried  round  the  sides  of  the  manhole,  where  they 
should  be  supported  on  suitable  brackets.  This  will 
only  be  so  as  a  rule  in  the  case  of  cables  of  small  size 
in  ordinary  sized  manholes.  When  so  arranged  they 
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are  less  liable  to  get  injured  by  men  getting  in  and 
out  of  the  manholes  and  allow  more  room  for  working 
in  than  if  carried  straight  through  from  duct  to  duct. 
With  cables  of  large  size  in  small  manholes,  it  will 
generally  be  found  impracticable  to  adopt  this  plan ; 
care  should  however  be  taken  to  so  place  them  that 
they  do  not  cross  directly  under  the  manhole  entrance, 
but  as  far  away  from  it  as  possible,  so  that  they  cannot 
be  used  to  stand  on  by  workmen  getting  in  and  out,  the 
result  of  which  might  probably  be  the  springing  of  a 
plumbed  joint  and  consequent  possible  creation  of  a 
serious  fault.  Where  it  is  quite  impossible  to  avoid 
placing  the  cables  under  an  entrance  to  a  manhole 
they  should  be  supported  on  a  suitable  rack,  and  the 
uppermost  ones  protected  by  wooden  battens  so 
arranged  that  they  will  bear  the  whole  weight  of 
any  one  stepping  upon  them. 

The  lowest  ducts  in  a  multitubular  conduit  or 
nest  of  pipes  should  always  be  used  first,  as  the  work 
of  drawing  in  further  cables  into  those  above  them 
will,  where  this  plan  is  followed,  be  more  easily 
carried  out  than  if  any  other  method  is  adopted. 

When  cables  have  been  drawn  into  the  ducts,  the 
ends  of  the  latter  should  be  well  plugged  up  all  round 
the  cable  and  made  water  and  air  tight  so  as  to 
prevent  the  chance  of  water  or  gas  intruding  into  the 
manhole,  which  may  have  found  its  way  into  the 
ducts  themselves.  The  ends  of  all  spare  ducts  should 
also  be  plugged  up  by  means  of  wooden  plugs.  Care 
should  however  be  taken  not  to  use  plugs  made  so 
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small  that  their  whole  length  will  go  right  into  the 
duct,  as  if  so  made,  great  difficulty  will  sometimes  be 
experienced  in  withdrawing  them  if  the  duct  is  at  all 
damp,  as  the  wood  will  swell  to  such  an  extent  that 
the  plug  cannot  be  moved.  These  plugs  should  be 
made  about  6  inches  long  and  taper  from  about  2J  to 
3J  inches  in  diameter.  A  piece  of  well  tarred  can- 
vas should  always  ba  put  round  them  before  being 
placed  in  the  ducts. 
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CHAPTER  XVIII. 

JOINTING   DRY   CORE   CABLE. 

THE  process  of  jointing  together  different  lengths  of 
dry  core  cable  is  one  requiring  the  exercise  of  the 
utmost  possible  care  on  the  part  of  the  jointer  carrying 
out  the  work  of  jointing  the  various  conductors  to- 
gether, and  of  the  plumber  entrusted  with  the  task  of 
closing  up  the  ends  of  the  lead  sleeves  used  to  cover  in 
and  protect  them. 

The  usual  method  of  procedure  when  making  a 
joint  of  this  kind  is  as  follows  : — 

The  lead  sheathing  is  first  cut  off  the  ends  of  the 
two  sections  of  cable  required  to  be  joined  together, 
for  a  length  varying  with  the  size  of  the  cable.  A 
lead  sleeve  slightly  larger  in  internal  diameter  than 
the  external  diameter  of  the  cable  sheathing  is  then 
slipped  over  one  of  the  ends  and  pushed  back  clear  of 
the  uncovered  portion,  until  the  conductors  have  been 
jointed  together,  when  it  is  drawn  forward  and  its 
ends  closed  and  connected  to  the  cable  sheathing  by 
means  of  plumbers'  wiped  joints.  The  length  of  the 
conductor  joint  for  various  sizes  of  cables  and  of  the 
lead  sleeve  used  to  cover  them  should  be  about  as 
follows : — 
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Size  of  Cable.       p     Length  of 
Conductor  Joint. 

Length  of 
Lead  Sleeve. 

Inside  diameter 
of  Lead  Sleeve. 

26  pairs.             11  inches. 

15  inches. 

li  inches. 

52       „                14 

18 

If        , 

77 

17 

21 

If 

102 

20 

24 

2i       , 

153 

24 

28 

31       . 

204 

28 

32 

3i       , 

255 

28 

32 

3t       „ 

306 

32 

36 

31       „ 

I 

An  overlap  of  2  inches  of  the  lead  sleeve,  it  will 
be  observed,  is  allowed  in  each  case  over  and  above  the 
length  of  the  conductor  joint. 

A  handy  tool  for  cutting  through  the  lead  sleeves 
of  dry  core  cables,  without  injuring  in  any  way  the 
papar  covering  the  conductors,  is  illustrated  in  Fig.  202, 
which  also  shows  the  method  of  using  it.  The  cutting 
of  the  lead  is  accomplished  by  moving  the  cutters 
backwards  and  forwards  when  fixed  in  this  position. 

When  the  ends  of  a  dry  core  cable  are  opened  for 
the  purpose  of  jointing  every  possible  care  should 
be  taken  to  avoid  the  chance  of  the  least  amount 
of  moisture  being  absorbed  by  the  paper  dielectric. 
Under  ordinary  conditions  where  a  joint  has  to  be 
made  in  a  manhole,  the  manhole  should  be  thoroughly 
dried  out  by  placing  a  firepot  inside  it  for  several 
hours  if  necessary,  or  where  this  is  impracticable  a 
number  of  large  oil  lamps  will  often  serve  the 
purpose  ;  those  known  as  "  hurricane  "  or  u  binnacle  " 
lamps  will  be  usually  found  most  suitable.  Two  or 
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three  such  lamps  should  also  be  kept  burning  directly 
underneath  the  joint,  so  that  the  heated  air  is  always 
passing  through  and  round  the  paper  coverings  of  the 
conductors  during  the  whole  time  the  joint  is  being 
made,  thus  preventing  any  chance  of  moisture  being 
absorbed  by  them,  while  at  the  same  time  the  whole 
atmosphere  of  the  manhole  is  kept  constantly  warm. 


Fig.  202.  -  I 

Another  method  frequently  employed  for  keeping  a 
joint  dry  while  being  made  is  to  keep  the  conductors 
in  their  paper  coverings  covered  with  hot  powdered 
lime,  and  by  applying  a  quantity  to  the  joint  at 
frequent  intervals  until  the  whole  of  the  conductors 
have  been  spliced  together.  Considerable  diversity  of 
opinion  however  exists  with  regard  to  the  merits  of 
this  method  of  drying.  It  is  contended  by  those 
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opposed  to  it  that  it  is  not  possible  to  shake  or  blow 
all  the  lime  out  of  the  joint  when  completed,  and  the 
residue  left  behind  will  materially  obstruct  the  free 
passage  of  dry  air  through  the  cable. 

Yet  another  method  employed  sometimes  for  keep- 
ing a  cable  joint  dry  during  the  process  of  being 
made  is  to  heat  the  atmosphere  around  it  by  means  of 
one  or  two  Swedish  torches,  the  flames  from  them 
being  kept  below  and  parallel  with  the  joint,  above  it 
being  placed  a  curved  sheet  of  metal,  the  object  of  this 
being  to  throw  back  the  ascending  heated  air  on  to 
the  joint.  This  plan  is  however  one  which  involves 
considerable  risk  of  damage  being  caused  to  the  paper 
insulation  by  careless  handling  of  the  torches,  which 
are  also  in  themselves  sometimes  dangerous  things  to 
use.  Their  use  also  involves  a  considerable  waste  of 
time,  as  they  cannot  be  kept  constantly  burning,  and 
while  being  used  the  work  of  jointing  the  conductors 
must  be  suspended.  This  method  of  drying  is  there- 
fore .  not  one  to  be  recommended  for  general  use, 
although  an  excellent  one  to  adopt  for  the  purpose  of 
drying  out  a  joint  or  other  part  of  a  cable  that  has 
become  saturated  with  water:  but  the  first  method 
mentioned  of  using  oil  lamps  is  by  far  the  best  of  any 
to  employ,  as  it  does  not  prevent  the  work  of  jointing 
the  wires  being  carried  on  in  any  way,  while  keeping 
the  atmosphere  round  them  constantly  and  uniformly 
warm.  Sometimes  it  will  be  found  impossible  to 
thoroughly  dry  out  manholes  in  which  cable  joints 
require  to  be  made  owing  to  water  continuously  run- 
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ning  into  them,  and  where  this  is  the  case  a  suction 
pump  may  often  have  to  be  kept  going  constantly  in 
order  to  keep  the  water  down  sufficiently  to  allow  of 
the  work  of  jointing  being  proceeded  with. 

Under  such  exceptionally  adverse  conditions  no 
attempt  should  be  made  to  dry  out  the  manhole  at 
all,  for  partial  drying  out  is  worse  than  useless,  as  the 
warming  of  the  atmosphere  in  the  manhole  will  simply 
cause  the  damp  to  rise,  and  all  that  should  be  done 
under  these  circumstances  is  to  employ  every  possible 
means  to  keep  the  joint  itself  dry. 

Before  the  actual  work  of  making  the  conductor 
joints  is  commenced,  the  two  wires  of  each  pair  should 
be  well  twisted  together  in  such  a  manner  that  they 
will  not  be  likely  to  come  apart  when  being  handled 
by  the  jointer.  If  this  precaution  is  not  taken  there 
is  a  possibility  of  the  wrong  wires  being  paired  up 
together,  with  the  result  that  cross  talk  will  ensue 
on  such  circuits  owing  to  their  not  being  properly 
balanced.  All  the  conductors  in  both  sections  of  cable 
should  then  be  carefully  tested  for  continuity, 
contacts,  and  earth,  and  any  faulty  wires  in  one 
section  should  be  marked  and  afterwards  jointed  to 
faulty  wires  in  the  other  section  should  there  be  any. 
By  carrying  out  this  plan  it  is  obvious  that  the  total 
number  of  faulty  circuits  running  throughout  the 
whole  of  any  number  of  sections  of  cable  jointed 
together  will  be  reduced  to  a  minimum  quantity. 
When  the  testing  of  the  conductors  has  been  com- 
pleted the  various  layers  of  them  should  be  separately 
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tied  up  together  with  tape.  This  being  done  the  work 
of  jointing  the  wires  should  then  be  proceeded  with, 
starting  with  those  in  the  centre  layer  and  working 
concentrically  outwards,  the  conductors  in  each  layer 
of  one  section  being  joined  to  those  in  the  correspond- 
ing layers  of  the  other.  Adherence  to  this  system  of 
working  on  the  part  of  the  jointer  will  be  found  a 
considerable  advantage  in  enabling  him  to  readily  and 
systematically  branch  off  any  pairs  that  may  be 
required  to  be  taken  out  of  a  main  cable  at  any  part 
of  its  length.  Sometimes  it  will  not  be  found  practic- 
able to  strictly  adhere  to  this  system  of  working 
owing  to  sections  of  cable  supplied  by  different  makers 
not  containing  exactly  the  same  number  of  wires  in 
each  layer.  When  making  curved  joints  also  it  will 
occasionally  be  found  difficult  to  joint  from  the  centre 
wires  outwards,  and  in  cases  where  the  space  in 
which  the  joint  has  to  be  made  is  very  limited. 
Under  such  conditions  it  may  be  found  more 
convenient  sometimes  to  joint  the  lowest  wires  first, 
then  those  above  them,  and  so  on  right  across  the 
cables.  The  jointing  of  the  conductors  should  be 
carried  out  in  the  following  manner.  Over  the  end  of 
one  of  each  of  the  two  wires  to  be  jointed  together  a 
paper  sleeve  should  be  slipped,  and  pushed  back  a  little 
distance.  Then  cut  off  with  a  pair  of  scizzors  or 
nippers  about  three-quarters  of  an  inch  of  the  paper 
insulating  medium  exposing  the  end  of  each  con- 
ductor. The  corresponding  wires  in  the  two  sections 
of  cable  should  then  be  severally  twisted  together  very 
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tightly  either  by  hand  or  with  a  pair  of  small  pliers, 
the  ends  of  the  paper  coverings  on  each  wire  being 
caught  into  the  first  twist  which  will  effectually 
prevent  their  slipping  back  as  shown  in  Fig.  203. 
The  twisted  ends  of  each  pair  should  then  be  carefully 
turned  back  on  to  and  parallel  with  the  main  lines 

Fig.  203. 


Fig.  203 A. 

and  the  paper  sleeves  drawn  over  them  as  each  splice 
is  made  as  in  Fig.  203A. 

If  pliers  are  used  to  twist  the  ends  of  the  wires 
together,  great  care  must  be  taken  to  see  that  the 
wire  is  not  nicked  by  them. 

The  two  wires  of  each  pair  in  one  section  should  not 
be  jointed  to  the  corresponding  wires  in  the  other 
section  of  cable  at  the  same  point,  but  about  the 
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length  of  a  paper  sleeve  (2£  inches)  apart  from  each 
other  as  shown  in  sketch.  By  following  out  this  plan 
there  will  be  less  chance  of  the  wires  getting  in 
contact  should  the  paper  sleeves  accidentally  slip  off 
them,  while  the  whole  joint  will  be  kept  of  as  small  a 
diameter  as  possible. 

When  all  the  conductors  have  been  jointed  together 
in  this  way  they  should  be  covered  over  with  a  lap- 
ping of  plain  cotton  taps  about  an  inch  and  a  half  in 
width  laid  on  without  any  overlap.  This  taps  must 
not  be  wrapped  on  too  tightly,  as,  if  the  conductors 
are  squeezed  very  closely  together,  dry  air  will  not 
readily  pass  round  them  when  driven  through  the 
cable,  but  the  largest  portion  of  it  will  pass  between 
the  outside  cotton  covering  and  the  lead  sleeve. 
Great  care  must  always  be  exercised  by  the  jointer 
when  handling  the  conductors,  to  avoid  disturbing 
their  paper  coverings  so  that  when  laid  up  together 
wires  will  not  become  uncovered,  and  probably  in  con- 
sequence make  contact  with  others  which  have  become 
similarly  exposed.  Such  faults  often  cause  a  lot  of 
trouble  and  expense,  as  they  are  usually  only  detected 
after  the  joint  has  been  plumbed.  It  is  unnecessary 
to  solder  the  twisted  conductor  joints  in  underground 
dry  core  cables,  as  they  are  protected  both  from  dirt, 
oxidation,  and  mechanical  strain,  which  are  the  most 
general  causes  of  inefficiency  in  the  case  of  joints 
exposed  to  climatic  influences.  Soldered  joints  in  an 
underground  cable  are  a  possible  source  of  future 
trouble  owing  to  their  corroding  as  a  result  of  slow 
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electrolysis  and  the  dissolving  action  due  to  the  flux 
used  in  applying  the  solder.  In  America  however, 
notwithstanding  these  objections,  it  is  customary  to 
solder  the  conductor  joints  in  both  underground  and 
aerial  dry  core  cables.  Too  much  stress  cannot  be  laid 
upon  the  necessity  for  making  the  twisted  joints  so 
tight  that  they  will  not  be  likely  to  work  loose  owing 

Fig.  204. 


Fig.  205. 

to  vibration,  and  so  cause  intermittent  faults,  which 
would  probably  prove  very  difficult  to  localize  and 
rectify. 

The  jointing  of  the  conductors  having  been  com- 
pleted in  the  manner  described,  the  lead  sleeve 
previously  drawn  over  the  sheathing  of  one  of  the 
cable  sections  should  be  carefully  pulled  over  the 
finished  splice,  care  being  taken  not  to  disturb  the 
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tape  covering.  One  end  of  the  sleeve  should  then  be 
closed  and  joined  to  the  cable  sheathing  by  means  of 
a  plumber's  wiped  joint,  but  before  closing  up  the 
other  end  of  the  sleeve  in  a  similar  manner  the 
plumber  should  thoroughly  heat  the  sleeve  and  cable 
ends  and  keep  them  in  that  condition  for  about  a 
quarter  of  an  hour.  By  this  means  the  whole  core 
will  become  thoroughly  warmed  through  and  any 
moisture  at  all  ]e£t  in  it  will  be  expelled  and  the  joint 
left  perfectly  dry.  Fig.  204  shows  a  completed  joint 
uncovered,  while  Fig.  205  represents  a  similar  joint 
covered  with  its  lead  sleeve. 

On  the  manner  in  which  the  sleeve  covering  a  cable 
joint  is  plumbed  will  depend  to  a  large  extent  its 
efficiency,  and  exercise  of  the  very  greatest  care  is 
therefore  always  necessary  in  carrying  out  this  most 
important  part  of  the  work  of  cable  jointing,  as  the 
least  flaw  may  be  the  cause  of  destroying  consider- 
able lengths  of  cable,  owing  to  water  penetrating 
into  it  as  a  consequence. 

Sometimes  it  will  be  found  impracticable  to  use  a 
lead  sleeve  for  covering  a  cable  joint,  and  in  such 
cases  it  will  be  necessary  for  the  plumber  to  use  sheet 
lead  for  the  purpose. 

This  should  be  of  the  same  length  as  a  lead  sleeve 
would  be  if  used,  and  wide  enough  to  closely  encircle 
the  core,  the  edges  overlapping  each  other  by  about 
an  inch.  Under  no  circumstances  should  the  edges 
be  butted  against  each  other  ;  this  seam  must  then  be 
carefully  soldered  right  along  its  whole  length  and 
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the  ends  of  the  sleeve  thus  formed  plumbed  up  in 
the  manner  already  described.  The  necessity  for  effi- 
cient plumbing  where  this  method  of  closing  a  joint 
is  employed  is  even  greater  than  when  an  ordinary 
form  of  sleeve  is  used,  particularly  if  the  joint  is  lay- 
ing in  a  normally  damp  manhole,  or  one  which  is 
liable  at  any  time  to  become  flooded  with  water. 
In  order  to  insure  the  efficiency  of  plumbers'  joints 


Fig.  206. 

they  should  immediately  after  completion  be  sub- 
jected to  an  air  pressure  test. 

This  test  may  be  conveniently  carried  out  through 
the  medium  of  a  brass  plug  commonly  known  as  a  "dry 
air  plug  "  (Fig.  206)  wiped  into  a  hole  carefully  cut, 
either  in  the  lead  sheathing  of  one  of  the  sections 
of  cable  jointed,  or  the  lead  sleeve  itself,  preferably 
the  latter. 

When  the  plug  is  fixed  the  plumbed  ends  of  the 
sleeve,  the  plug  wipe,  and  the  soldered  longitudinal 
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joint,  if  there  is  one,  should  be  well  lathered  with  soft 
soap  and  water.  Dry  air  should  then  be  pump^-^to 
the  joint  by  means  of  a  portable  hand  p  ^ 

order  to  get  up  sufficient  pressure  the  pump  -sip aid  be 
kept  going  hard  for  about  ten  minutes.  ShouM  there 
be  the  slightest  leak  in  any  part  of  the  joint  it  will 
be  at  once  disclosed,  owing  to  air  bubbles' being 
formed  of  the  soapy  water  lathered  over  it.  "When 
the  testing  of  the  joint  in  this  way  has  been  corn- 


Fig.  207. 

pleted,  the  cap  of  the  air  plug  must  be  carefully 
screwed  on.  When  doing  this  great  care  must  be 
taken  not  to  spring  the  wiped  joint  fastening  it  to 
the  cable,  and  to  see  that  it  is  left  so  tight  that  it  will 
not  be  likely  to  leak,  the  screw  thread  of  the  plug 
being  well  greased  before  the  cap  is  screwed  on.  All 
dry  air  plugs  should  be  carefully  tested  under  water 
before  being  used.  There  is  always  a  certain  amount 
of  risk  involved  in  the  use  of  "  dry  air  plugs  "  for 
testing  plumbed  joints,  owing  to  their  caps  being  im- 
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perfectly  screwed  down  or  even  left  off  altogether  by 
workmen.     It  is  therefore  desirable  wherever 


Fig.  208. 

practicable  to  apply  air  to  a  joint  from  the  end  of  the 
cable,  no  plug  in  such  case  being  of  course  necessary. 
It  is  however  often  difficult  and  sometimes  impos- 
sible to  obtain  sufficient  pressure  at  a  joint  situated 
some  distance  from  either  end  of  a  long  cable,  and  in 
such  cases  no  alternative  remains  but  to  apply  the 
pressure  locally  by  means,  of  one  of  these  plugs.  All 
joints  should  be  tested  by  either  of  these,  or  similar 
suitable  means. 


Fig.  209. 

Where  a  number  of  conductors  are  required  to  be 
branched  off  a  main  cable   at  a  direct  right  angle, 

u 
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they  should  not  be  bent  round  too  abruptly,  but  in 
an  easy  curve.  One  method  of  making  a  branch 
joint  is  shown  in  Fig.  207,  but  a  still  better  method 
is  that  shown  in  Fig.  208,  as  it  requires  several  wiped 
joints  less  being  made,  and  the  conductor  joints  and 
the  remaining  main  cable  are  enclosed  in  the  one 
sleeve.  Fig.  209  illustrates  a  forked  or  V  joint  made 
in  a  similar  manner.  Special  care  requires  to  be 
exercised  in  plumbing  joints  of  this  kind  at  the  fork. 


Fig.  210. 

Care  should  always  be  taken  to  use  thoroughly 
reliable  solder  for  plumbing  cable  joints ;  that  com- 
posed of  two  parts  of  lead  and  one  of  tin  will,  as  a 
rule,  be  found  most  suitable  for  this  purpose  if  properly 
made. 

When  a  main  cable  requires  to  be  divided  up  at 
any  particular  point  into  two  or  three  branches,  and 
occasional  access  to  the  wires  may  be  required  for  the 
purpose  of  rearranging  their  distribution,  it  will 
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sometimes  be  found  more  advantageous  to  use  some 
form  of  jointing  box  instead  of  a  lead  sleeve,  as  a 
protecting  cover,  such  as  that  illustrated  in  Fig.  210, 
which  represents  a  commonly  used  type  of  joint  box 
of  octagonal  shape.  This  box  is  made  of  cast  iron, 
and  is  provided  with  four  cylindrical  brass  or  bronze 
nozzles  which  are  screwed  into  its  sides.  Through  these 
nozzles  the  ends  of  the  cables  are  taken  into  the  box, 
and  their  sheathings  connected  to  them  by  plumbers' 
wiped  joints.  The  nozzles  are  made  of  various  internal 
diameters  to  fit  different  sizes  of  cable,  and  they  are 
interchangeable.  The  box  is  closed  by  an  iron  lid 
which  is  screwed  tightly  down  over  a  rubber  gasket 
which  hermetically  seals  it  up.  Joint  boxes  of  this 
kind  are  used  as  a  rule  only  in  manholes,  or  in  small 
brick  pits  made  specially  for  them  to  which  access 
can  be  readily  obtained.  All  nozzles  should  be  well 
greased  and  covered  with  red  lead  before  being 
screwed  in,  and  after  the  box  is  closed  it  should  be 
tested  under  pressure  with  dry  air  in  order  to  ensure 
its  being  perfectly  air  and  water  tight.  This  can  be 
readily  done  through  .  the  medium  of  a  screw  plug 
provided  for  the  purpose  in  the  box  cover. 
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CHAPTEE  XIX. 

TERMINATING    DKY    CORE    CABLES. 

IN  order  to  prevent  the  intrusion  of  moisture  in  any 
form  into  dry  core  cables  it  is  necessary  to  employ 
special  means  of  terminating  them  to  ensure  their 
extreme  ends  being  kept  perfectly  dry.  One  very 
commonly  employed  method  of  effecting  this  is  to 


Fig.  211. 
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enclose  the  ends  in  air-tight  iron  boxes,  technically 
known  as  "  Cable  Heads,"  of  which  there  are  many 
forms  in  use.  One  form  typical  of  most  others  used 
in  Great  Britain  is  shown  in  Fig.  211,  and  in  section 
in  Fig.  212. 

It  consists  of  a  double  cast-iron  box  made  in  two 
separate  parts  which  are  bolted  or  screwed 
together,  with  an  air-tight  partition  be- 
tween  them   completely  separating   one 
box  from  the  other. 

Spaced  out  on  this  partition  a  number 
of  holes  are  drilled  corresponding  to  the 
number  of  separate  wires  in  the  cable 
with  which  the  head  is  to  be  used.  Into 
these  holes  are  screwed  small  ebonite 
sleeves  through  the  centres  of  which 
brass  screws  are  fixed.  To  the  end  of 
these  screws,  on  one  side  of  the  par- 
tition, washers  and  terminals  are  fitted, 
under  which  the  opening-out  wires  are 
secured,  while  to  the  other  ends  of  the 
screws  are  fitted  soldering  tags  to  which 
are  soldered  the  dry  core  cable  wires, 
they  being  first  threaded  through  small  holes  drilled 
in  the  ends  of  the  tags.  On  the  opening-out  side  of 
the  partition  each  screw  passes  through  a  circular  disc 
made  of  mica  which  lays  flat  against  it.  On  these 
discs  rest  the  ends  of  U-shaped  pieces  of  metal  held  in 
position  by  the  terminals.  These  serve  as  a  protection 
to  the  cable  against  lightning  or  other  high  potential 
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electric  currents.  Should  the  overhead  portion  of  any 
circuit  become  highly  charged  with  electricity  the 
current  will  puncture  holes  in  the  mica  disc  at  the 
points  upon  which  the  ends  of  the  metal  bridge  rest, 
and  escape  to  earth  through  the  medium  of  the  iron 
box  and  the  lead  sheathing  of  the  cable. 

A  brass  screw  with  its  fittings  is  shown  in  Fig. 
213. 


Fig.  213. 

At  the  bottom  of  the  dry  core,  or  A  side  of  the 
cable  head,  as  it  is  usually  called,  is  screwed  a  guii- 
metal  nozzle  through  which  the  end  of  the  cable 
enters  the  box.  A  sufficient  length  must  be  brought 
into  the  box  to  admit  of  every  wire  being  taken  to  its 
proper  soldering  tag  without  being  jointed. 

The  lead  sheathing  is  then  cut  off  to  within  an 
inch  of  the  inside  of  the  lower  part  of  the  box, 
and  the  several  conductors  neatly  fanned  out  and 
their  ends  soldered  to  their  respective  tags,  after  the 
manner  shown  in  Fig.  214.  While  this  is  being 
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done   the  same  amount    of    care  should  be  taken  to 
keep  the  paper  coverings  of  the  wires  perfectly  dry, 


Fig.  214. 

by  carrying    out    the  work   in    a    warm    dry  atmo- 
sphere, as  in  the  case  of  making  a  cable  joint. 

The  cable  is   secured    in    position   inside  the  gun- 
metal   nozzle  by  the  lead   sheathing,  being  fastened 
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to  it    by  means    of    a    plumber's  wiped   joint  which 
must,  of  course,  be  made  perfectly  air  tight. 

At  the  side  of  the  opening-out  box,  or  B  side  of 
the  cable-head,  as  it  is  usually  called,  are  one  or 
more  circular  openings,  according  to  its  size,  fitted 
with  glands  or  stuffing  boxes.  Through  these  open- 
ings the  ends  of  '26  pair  cables,  the 
wires  of  which  are  insulated  with 
vulcanized  indiarubber,  are  passed 
and  the  glands  fixed  tightly  round 
them  to  prevent  moisture  being 
conducted  into  the  box  over  their 
surface.  The  various  conductors 
are  then  fanned  out  and  severally 
attached  to  their  terminals  fixed 
on  the  partition,  thus  connecting 
them  with  the  dry  core  cable  con- 
ductors attached  to  the  soldering 
tags  on  the  other  side.  The  other 
ends  of  the  opening  out  cables  are 
carried  up  to  the  top  of  the  dis- 
tributing pole  or  standard,  as  the 
case  may  be,  and  opened  out  in  the 
same  manner  as  are  aerial  cables 
as  already  described  in  another  chapter. 

Both  boxes  are  closed  with  iron  lids  bolted  or 
screwed  down  over  rubber  gaskets  which  keep  them 
air  tight,  and  as  much  care  must  always  be  taken 
to  see  that  these  lids  are  effectively  closed,  par- 
ticularly that  on  the  A  side,  as  is  taken  to  in- 
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sure   the   proper  sealing  up  of   the  lead  sleeve  on  a 
joint. 

There  are  several  different  ways  in  which  cable 
heads  of  this  kind  may  be  attached  to  ground  poles. 
One  of  the  best  is  that  shown  in  Fig.  215.  It  should 
be  fixed  about  a  yard  or  two  under  the  lowest  arm. 
Cable  heads  for  use  with  cables  containing  up  to  about 
fifty  pairs  will  be  securely  carried  by  means  of  two 


Fig.  216. 

brackets  made  out  of  flat  iron  U  inches  wide  and 
J  inch  thick,  the  arms  being  double  this  thickness, 
formed  as  shown  in  Fig.  216. 

For  supporting  cable  heads  taking  up  to  102  pairs, 
brackets  of  similar  form  will  be  found  suitable,  and 
sufficiently  strong  if  made  of  f  of  an  inch  thick  iron. 
A  strut  fastened  to  the  end  of  the  arm  of  the  lower 
bracket  and  resting  against  the  pole  should  be  added 
as  an  additional  support  to  cable  heads  of  large  size.. 
Access  to  both  sides  of  a  head  fixed  in  this  way  can  be 
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easily  obtained,  and  the  whole  fixture  presents  a  neat 
and   finished  appearance.      For  use  when  testing  or 


Fig.  217. 


Fig.  218. 

connecting  up  wires  on  either  side  of  the  head  a  small 
portable  platform  will  often  be  found  useful,  by  means 
of  which  a  linesman  can  sit  in  front  on  either  side. 
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A  suitable  form  of  platform  for  this  purpose  which 
can  be  easily  fixed  at  any  height  up  a  pole  is  shown 


I 


Fig.  219. 

in  Fig.  217,  and  a  plan  view  of  it  in  Fig.  218.  For 
use  on  the  other  side  of  the  cable  head  to  that  shown 
in  sketch  it  only  requires  to  be  turned  over. 
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Fig.  219A. 
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The  usual  method  of  supporting  cable  heads  of  the 
type  described  when  employed  on  roof  standards  used 
for  distributing  purposes  is  to  bolt  them  to  two 
ordinary  channel  iron  arms,  or  to  bars  specially  made 
for  the  purpose  as  shown  in  Fig.  219. 

When  this  form-  of  cable  head  is  used  on  the 
exchange  end  of  a  cable,  the  terminals  on  the  B  or 
opening  out  side  are  left  uncovered,  the  A  or  dry  core 
side  only  being  closed  in.  It  is  fitted  on  a  frame  made 
out  of  angle  iron  to  which  it  is  securely  bolted.  To 
the  terminals  on  the  B  side  are  connected  small  gauge 
indiarubber  and  cotton  covered  paraffined  wires  which 
are  then  threaded  through  cleats  and  a  framework  made 
of  galvanized  iron  wire  in  the  form  of  grids,  which  is 
known  as  the  cross  connecting  field,  and  their  other 
ends  are  connected  to  testing  jacks  fixed  vertically  in 
rows  in  numerical  order,  in  a  wooden  framework. 

The  framing  or  fanning  out  of  the  wires  on  the  dry 
core  side  of  this  type  of  cable  head  should  be  carried 
out  in  a  neat  and  systematic  manner. 

The  lowest  numbered  wires  in  the  cable,  which 
should  be  those  in  the  centre  layer,  should  be  connected 
to  the  top  rows  of  soldering  tags  and  the  conductors 
on  the  outside  layer  to  those  on  the  bottom  rows.  If 
this  plan  is  followed  the  conductors  on  the  first  tags  of 
the  first  and  second  rows  on  the  A  side  counting  from  the 
riyht  hand  side  will  be  number  1  pair  in  the  cable,  while 
on  the  B  side  of  the  cable  head  the  first  terminals  on  the 
two  top  rows  counting  from  the  left  hand  side  will  re- 
present the  same  pair,  as  shown  in  diagram  Fig.  219A. 
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Fig.  220  illustrates  another  type  of  cable  head  a 
good  deal  used  in  America  known  as  the  "  Cook."  It 
is  fixed  on  the  top  of  a  ground  pole  in  place  of  a  finial 
as  shown  in  Fig.  221,  and  is  employed  for  terminating 
both  underground  and  aerial  dry  core  cable. 

It  consists  of  a  circular  iron  box  inside  which  the 
cable  wires  are  connected  to  terminals  having  exten- 
sions to  the  outside  of  the  box,  to  which  the  distribut- 


Fig.  220. 

ing  wires  are  attached.  Over  this  terminal  box  is- 
placed  a  sheet  iron  cover  which  is  screwed  down  and 
hermetically  sealed  by  means  of  an  indiarubber 
gasket.  Inside  the  terminal  box  is  usually  placed 
several  pieces  of  unslaked  lime  which  will  absorb  any 
small  amount  of  moisture  there  may  be  left  in  it. 
This  type  of  cable  head  has  much  to  recommend  it, 
and  is  perhaps  the  best  obtainable,  and  far  more  re- 
liable than  most  other  patterns  employed  out  of  doors. 
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Though  cable  heads  of  one  type  or  another  are  still 
largely  used  in  all  countries,  they  do  not  form  the  best 
means  of  terminating  dry  core  cable,  as  experience  has 
proved  that  they  possess  many  inherent  faults,  which 
cause  them  to  be  a  frequent  source  of  trouble,  and 
they  are  consequently  being  gradually  superseded 
by  other  more  reliable  methods  of  terminating.  The 


Fig.  221. 

method  which  meets  with  most  favour  at  the  present 
time  and  is  being  generally  adopted,  is  to  connect 
the  dry  core  cable  wires  direct  to  those  of  the  opening 
out  cable.  These  joints  are  then  all  enclosed  in  a  lead 
sleeve  which  is  filled  up  with  some  suitable  insulating 
and  waterproof  compound,  the  whole  forming  what  is 
known  as  a  "Pot  Head  Joint."  In  joints  of  this  "kind 
it  is  advisable  to  carefully  solder  the  conductor  joints. 
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To  prevent  the  insulating  compound  from  running 
into  the  main  part  of  the  dry  core  cable  when  being 
poured  into  the  lead  sleeve  covering  the  jointed  con- 
ductors, the  air  space  between  the  lead  sheathing  and 
the  outside  of  the  core  where  the  sheathing  is  cut  off 
should  be  well  packed  with  cotton  wool  before  the 
sleeve  is  drawn  over  the  joint.  The  sleeve  should  be 
filled  up  with  the  compound  gradually,  it  being  poured 
in  while  hot,  and  when  filled  tested  under  water,  if 
practicable,  or  if  not  by  using  soap  and  water,  while 
air  pressure  is  applied  either  locally,  by  means  of  a 
hand  pump  through  a  dry  air  plug  fixed  immediately 
below  the  bottom  end  of  the  sleeve,  or  driven  through 
the  cable  from  the  exchange  end,  or  from  the  end  of 
the  section.  A  pot  head  when  used  on  a  distributing 
pole  should  be  fixed  near  its  top  by  means  of  suitable 
galvanized  iron  clips  and  the  opening  out  cable  carried 
round  the  top  and  the  wires  distributed  along  the  arms 
exactly  in  the  same  manner  as  in  the  case  of  aerial 
cables  as  already  described  in  a  previous  chapter.  In. 
order  to  protect  cables  terminated  in  pot  heads  from 
damage  by  lightning  or  other  high  potential  currents, 
particularly  if  the  open  wires  to  which  the  conductors 
are  connected  unavoidably  cross  over  tramway  trolley 
wires,  some  reliable  description  of  "  Fuse  "  should  be 
inserted  on  each  line  circuit. 

One  form  of  fuse  much  used  for  this  purpose  is 
shown  in  Fig.  222. 

It*  consists  of  a  strip  of  soft  metal  enclosed  in  a 
small  tube  made  of  fibre,  which  will  readily  melt  if  a 
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current  of  more  than  about  3  amperes  is  sent  through 
it,  thus  breaking  the  circuit  and  preventing  such 
a  current  passing  into  the  cable. 


Fig.  222. 

The  usual  method  of  fixing  this  form  of  fuse  is  to 
insert  it  at  the  junction  of  the  cable  opening  out  wire 
with  the  bare  overhead  wire  as  shown  in  Fig.  223. 


Fig.  223. 

The  tags  at  the  ends  of  the  fuse  are  soldered  to  the  line 
and  cable  wires. 
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Care  must  be  exercised  when  making  these  connec- 
tions not  to  keep  the  soldering  bolt  on  the  joint  too 
long,  otherwise  there  will  be  danger  of  the  fuse  being 
melted. 

As  an  additional  protection  to  switchboard  apparatus 
at  the  exchange,  the  opening  out  wires  joined  to  a 
cable  terminated  in  a  "  pot  head  "  should  be  connected 
to  some  reliable  description  of  "arrester,"  and  appar- 


Fig.  224. 

atus  for  automatically  breaking  any  circuit  charged 
with  a  heavy  current  of  electricity.  The  type  of 
carbon  arrester  already  described  in  the  chapter  on 
wiring,  combined  with  a  heat  coil,  is  that  most 
extensively  employed  for  this  purpose,  fitted  up  as 
shown  in  Fig.  224. 

In   this  combination  one  end  of   the  heat  coil  is 
attached  by  means  of  a  metal  stud  to  the  slotted  end 
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of  a  spring  resting  upon  one  of  the  carbons  and  hold- 
ing it  in  position.  The  other  end  of  the  coil  is  joined 
by  a  fusible  metal  stud  to  a  similar  spring.  These 
springs  are  connected,  one  to  the  line  wire,  and  the 
other  to  the  cross  connection  wire  joined  to  the  testing 
jack.  On  a  heavy  current  passing  over  the  line  circuit 
in  which  one  of  these  coils  is  inserted  the  solder  hold- 
ing the  line  spring  to  the  coil  is  fused,  and  the  spring 
is  released,  thus  breaking  the  circuit. 

This  spring  is  provided  with  a  stud  on  its  upper 
surface,  and  on  its  release  from  the  coil  this  stud 
presses  another  spring  against  a  contact  point  at  the 
end  of  a  regulating  screw,  thus  completing  a  local 
circuit  in  which  a  battery  and  indicator  or  relay  are 
inserted.  This  indicator  on  being  actuated  closes 
another  local  circuit  in  which  is  included  an  alarm 
bell.  The  ringing  of  this  bell  draws  immediate  atten- 
tion to  the  fact  that  a  line  wire  is  disconnected,  when 
steps  can  be  at  once  taken  to  join  it  up  again,  delay 
in  making  good  the  fault  being  thus  avoided. 

A  carbon  arrester  and  heat  coil  is  used  with  each 
wire  of  a  metallic  circuit,  and  they  are  usually  mounted 
on  both  sides  of  an  iron  plate  in  rows  of  51  pairs  as 
shown  in  Fig.  225,  which  gives  a  view  of  two  such 
rows,  one  showing  the  carbon  arresters  and  heat  coils 
and  the  other  the  soldering  tags  at  the  other  ends  of 
the  springs  to  which  the  cable  line  and  cross  connect- 
ing wires  are  attached. 

The  arresters  and  coils  mounted  in  this  way  are 
fixed  vertically  by  means  of  screws  at  the  ends  of  the 
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plates  to  a  similar  framework  of  angle  iron,  in  the  test 
room,  to  that  used  for  carrying  cable  heads.  "When 
fixing  these  carrying  plates,  care  should  be  taken 


Fig.  225. 

to  see  that  the  openings  in  the  mica  between  the 
carbons  are  all  looking  downwards,  otherwise  dust  and 
other  matter  will  get  in  between  the  carbons  which 
may  put  them  in  contact  and  so  earth  the  line. 
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The  portions  of  cables  carried  up  distributing  poles 
or  buildings  should  be  well  protected  for  about  15 
feet  from  the  ground  by  iron  pipes  being  drawn  over 


•Fig.  226.  Fig>  227> 

them,  and  the  rest  of  their  lengths  should  be  carried  up 
and  made  fast  to  the  poles  or  buildings  as  the  case  may 
be,  m  the  neatest  possible  way  after  the  manner  shown 
in  Figs.  226  and  227. 
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CHAPTER  XX. 

DRY    AIR. 

AMONG  the  multifarious  factors  which  go  toward  the 
building  up  of  an  efficient  underground  telephone 
line  system,  not  the  least  important  is  dry  air. 

Dry  air  is  employed  by  the  telephone  engineer 
primarily  for  the  purpose  of  extracting  any  moisture 
there  may  be  in  dry  core  cables,  thus  raising  the 
insulation  resistance  of  the  paper  dielectric  separating 
one  conductor  from  another,  and  secondarily  for  the 
purpose  of  testing  the  efficiency  of  the  lead  coverings 
in  which  such  cables  are  encased  as  a  protection 
against  damp  and  mechanical  injury,  and  of  the 
plumbers'  joints  connecting  the  sheathing  of  one 
length  of  cable  with  another.  It  is  also  used  for 
ascertaining  whether  cable  heads  and  joint  boxes  are 
closed  in  such  a  manner  as  to  be  perfectly  air  tight 
and  consequently  damp  proof. 

Experience  has  proved  that  it  is  impracticable,  if 
not  impossible,  to  "  dry  out  "  a  cable  or  joint  which 
has  become  thoroughly  saturated  with  water,  by  any 
application  of  dry  air,  even  though  wet  but  for  a 
short  length.  In  such  cases  it  will  usually  be  found 
that  the  only  certain  cure  is  the  drastic  one  of 
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cutting  out  the  wet  section  and  splicing  in  a  fresh 
piece  in  its  place.  This  may  in  some  cases  necessitate 
the  withdrawing  from  a  duct  of  a  long  section,  and 
its  rejointing  when  drawn  in  again,  but  this  will 
occupy  far  less  time  as  a  rule,  and  in  the  end  prove 
much  less  expensive,  than  attempting  to  dry  out  the 
damaged  portion  of  the  cable  by  means  of  dry  air. 

As  an  alternative  to  cutting  out  a  wet  piece  of 
cable  or  joint  altogether,  it  is  sometimes  practicable 
where  the  cable  or  joint  can  be  exposed,  as  in  a  man- 
hole, to  thoroughly  dry  it  out  by  an  application  of 
artificial  heat,  in  the  shape  of  a  clear  fire  in  an 
ordinary  firepot  placed  close  to  the  faulty  section,  or 
by  means  of  lamps  placed  directly  under  the  wires,  so 
that  the  heated  air  passes  right  through  them,  they 
being  carefully  separated  from  one  another  by  means 
of  wooden  skewers.  Another  good  method  of  expedi- 
tiously  drying  out  a  wet  cable  joint  or  a  short  length 
of  cable  is  by  the  use  of  a  Swedish  Torch,  but  this 
must  be  used  very  judiciously,  otherwise  the  paper 
insulation  of  the  conductors  may  be  burnt.  Two  of 
these  lamps  should  be  placed  under  the  wet  section  at 
a  sufficient  distance  to  prevent  the  flames  injuring  it, 
and  close  above  it  should  be  fixed  a  curved  sheet  of 
iron  in  such  a  way  that  the  air  heated  by  the  torches 
will  be  reflected  back  upon  the  faulty  portion,  which 
will  speedily  result  in  the  extraction  of  all  moisture 
and  thoroughly  dry  out  the  wet  joint  or  other  short 
length  of  the  largest  cable.  The  work  of  drying  out 
cables  or  joints  should  only  be  entrusted  to  a 
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thoroughly  competent  and  reliable  workman,  as  care- 
less handling  of  the  conductors  is  almost  certain  to 
result  in  the  creation  of  faults  of  various  kinds, 
which  may  prove  a  source  of  considerable  trouble  and 
consequent  expense,  in  order  to  get  them  cleared. 

A  cable  or  joint  that  has  only  become  slightly 
damp  can  be  thoroughly  dried  out  by  a  long  con- 
tinued application  of  dry  air,  the  time  taken  to 
effect  a  cure  depending  of  course  upon  the  volume  of 
air  which  can  bs  driven  through  it,  the  amount  of 
moisture  it  contains,  its  size,  and  its  length. 


Fig.  228. 

Several  days'  and  even  weeks'  continuous  pumping 
will  in  some  instances  be  necessary  in  order  to 
thoroughly  dry  out  a  long  length  of  cable  by  means 
of  dry  air,  and  to  raise  its  insulation  resistance  to 
standard  requirements,  which  as  a  rule  vari'es  from  five 
thousand  to  ten  thousand  megohms  per  mile  of  wire. 

Another  use  to  which  dry  air  may  be  put  is  that 
of  keeping  joints  dry  while  being  made,  particularly 
in  manholes  and  similar  closed-in  chambers  ;  the  air 
being  applied  by  means  of  a  tube  with  a  number  of 
small  holes  in  it,  placed  directly  underneath  the  joint 
and  parallel  with  it  as  shown  in  Fig.  228. 
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The  dry  air  escaping  from  the  small  holes  in  the 
tube  will  pass  continuously  through  the  conductors. 
The  use  of  this  method  of  drying  of  course  obviates 
the  necessity  for  using  hot  lime,  lamps,  or  other  form 
of  artificial  heat,  and  enables  the  jointer  to  carry  on 
his  work  in  a  less  vitiated  atmosphere  than  would 
otherwise  be  the  case.  Dry  air  can  however  only  be 
used  in  this  way  where  facilities  exist  for  obtaining  a 
continuous  and  sufficient  volume  of  it,  which  is  not 
often  the  case.  The  use  of  a  hand  pump  is  of  course 
inadmissible,  as  it  would  involve  too  much  expense 
for  labour  to  drive  it. 

In  some  instances  very  great  difficulty  is  ex- 
perienced in  getting  even  a  slight  amount  of  dry 
air  through  certain  portions  of  cables,  due  in  many 
cases  to  no  apparent  cause  whatever,  and  to  obtain 
anything  like  the  same  pressure  at  the  distant  end 
of  a  long  cable  to  that  indicated  at  or  near  to  the 
pump  is  impossible.  The  fall  in  pressure  will  vary 
from  that  at  the  starting  point  to  the  end  in  an  ever 
descending  degree  ;  and  the  drop  in  pressure  even 
within  a  short  distance  of  the  pump  will  often  be  very 
considerable. 

This  difficulty  in  getting  a  good  volume  of  air 
through  cables  is  attributable  by  some  engineers  to 
lime  left  in  joints  choking  its  passage.  Small  punc- 
tures in  the  lead  sheathing  or  plumbers'  joints  and 
leaking  cable  heads  and  joint  boxes  probably  account 
for  the  fall  in  pressure  to  some  extent  in  many  cases. 
Where  this  is  so  however  in  manholes  and  other 
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places  where  the  joints,  etc.,  are  exposed,  and  can 
consequently  be  easily  inspected,  no  difficulty  will  as 
a  rule  be  experienced  in  detecting  the  fault  and 
remedying  it. 

The  principal  cause  which  prevents  air  freely  pass- 
ing through  any  part  of  a  cable  when  pumped  in 
from  one  of  its  ends  is  probably  the  contracting  of 
the  air  passages  at  the  various  bends.  The  correct- 
ness of  this  theory  is  borne  out  by  the  fact  that  when 
a  cable  has  no  bends  in  it,  air  will  usually  pass 
through  it  and  its  joints  readily  enough,  but  directly 
it  is  bent,  difficulty  in  getting  an  equal  quantity  of 
air  to  flow  in  the  portion  of  cable  beyond  the  bend  to 
that  flowing  in  the  portion  before  it,  is  experienced, 
and  this  drop  in  pressure  continues  until  in  a  long 
cable  with  many  bends  no  pressure  at  all  is  obtain- 
able at  the  distant  end  even  after  many  hours'  con- 
tinuous pumping,  and  though  the  initial  pressure 
may  be  as  high  as  50  Ib.  to  the  square  inch. 

Considerable  diversity  of  opinion  exists  as  to  what 
is  the  most  suitable  pressure  at  which  to  pump  air 
into  dry  core  cables.  On  the  one  hand  it  is  con- 
tended that  the  pressure  should  be  low,  and  that  the 
air  should  remain  in  the  cable  some  little  time  before 
being  allowed  to  escape,  as  by  so  doing  it  has  time  to 
absorb  all  the  moisture  it  is  capable  of  holding,  and 
thus  performs  a  maximum  amount  of  work  ;  whereas 
on  the  other  hand  a  large  percentage  of  the  air  driven 
through  at  a  high  pressure  absorbs  but  a  small  amount 
of  the  moisture  of  which  it  is  capable  before  escaping, 
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and  that  consequently  a  very  considerable  portion  of 
its  energy  is  wasted.  This  last  assumption  is  how- 
ever hardly  a  correct  one,  as  although  the  air  passes 
quickly  over  any  particular  point,  it  will,  especially 
if  the  cable  is  uniformly  moist  throughout  its  whole 
length,  absorb  as  much  moisture  by  the  time  it 
reaches  the  point  at  which  it  escapes  as  it  is  capable 
of  doing.  This  being  so,  it  follows  that  the  best  plan 
to  adopt  is  to  drive  the  air  through  at  a  fairly  high 
pressure,  say  about  30  Ib.  to  the  square  inch,  as 
by  so  doing  the  work  of  drying  out  will  occupy 
far  less  time  than  would  otherwise  be  the  case,  which 
is  a  very  important  consideration. 

When  a  cable  is  being  pumped  through  in  order  to 
raise  its  insulation,  an  escape  for  the  air  after  passing 
through  it  is  provided  where  cable  heads  are  used, 
by  means  of  a  vent  hole  at  the  top  of  the  head, 
normally  kept  closed  by  a  brass  cap  which  is  screwed 
into  it.  When  this  cap  is  removed  or  loosened  in 
order  to  allow  air  to  pass  out,  some  means  should  be 
taken  to  prevent  water  or  damp  air  getting  into  the 
head  through  this  vent  hole.  One  method  commonly 
employed  is  to  cover  the  vent  hole  with  a  waterproof 
cloth  of  some  kind.  While  this  is  effective  enough 
so  far  as  keeping  water  out  is  concerned,  it  offers  no 
protection  against  the  intrusion  of  damp  air.  So  long 
as  dry  air  is  coming  out,  damp  air  will  not  of  course 
penetrate  into  the  cable  head,  but  should  pumping 
operations  be  temporarily  discontinued — at  night  time 
or  on  Sundays  for  example — or  the  air  become  choked 
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ill  its  passage  through  the  cable,  there  is  nothing  to 
prevent  its  doing  so,  until  some  one  has  been  to  the 
head  and  screwed  on  the  brass  cap.  The  necessity 
for  doing  this  in  itself  constitutes  a  serious  objection 
to  this  method  of  procedure,  inasmuch  as  it  entails  a 
certain  amount  of  labour  which  has  to  be  paid  for. 
The  value  of  this  labour  would  vary  according  to 
the  distance  the  cable  head  might  be  from  the  ex- 
change, in  some  cases  possibly  several  miles,  and  the 
same  expense  must  be  again  incurred  in  order  to  take 
the  cap  off  again  when  pumping  is  recommenced.  In 
a  normally  dry  climate  very  little  trouble  is  likely  to 
be  caused  owing  to  damp  air  finding  its  way  into 
cable  heads  in  this  manner,  but  in  a  humid  atmo- 
sphere, such  as  that  which  almost  continuously  pre- 
vails in  some  parts  of  the  British  Isles  for  the  best 
portion  of  a  year,  it  is  a  real  source  of  trouble  and 
requires  to  be  carefully  guarded  against.  Under  such 
conditions  it  is  advisable  therefore  to  use  some  means 
of  automatically  closing  a  vent  hole  immediately 
upon  air  ceasing  to  flow  through  it.  A  valve 
specially  designed  for  this  purpose  which  can  be 
screwed  into  a  cable  head  vent  or  into  a  dry  air  plug, 
which  answers  its  purpose  admirably,  is  shown  in 
Fig.  229. 

While  air  is  passing  out  of  the  cable  the  plunger  is 
raised,  but  immediately  it  stops  flowing  the  plunger 
is  pressed  back  into  and  securely  closes  the  opening  in 
the  centre  of  the  plug.  The  pressure  required  to  raise 
this  plunger  is  about  one  pound. 
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One  of  the  most  important  uses  to  which  dry  air 
can  be  put  is  that  of  testing  the  efficiency  of  the  lead 
sheathing  of  dry  core  cables,  and  their  joints,  as 
already  referred  to.  The  internal  pressure  usually 
applied  as  a  test  of  the  mechanical  strength  of 
this  kind  of  protection  is  about  70  Ib.  to  the 
square  inch,  but  sheathing  withstanding  a  pres- 
sure of  about  40  Ib.  without  showing  any  signs  of 
weakness  may  be  considered  satisfactory.  All  cables 


Fig.  229. 

before  being  put  into  use  should  have  this  test  applied 
to  them.  To  do  this  when  the  cable  is  still  on  a 
drum  is  a  simple  enough  matter,  and  no  difficulty  will 
be  experienced  in  getting  up  any  pressure  desired  ; 
but  to  test  the  lead  covering  of  a  long  length  of 
cable  when  laid  in  a  duct,  and  jointed,  and  bent  in 
several  places,  with  anything  like  this  air  pressure 
will  generally  be  found  impracticable  or  at  least  an 
extremely  tedious  and  expensive  process,  owing  to 
the  difficulty  already  referred  to  of  getting  air  to 
pass  readily  through  it.  The  pressure  test  should 
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therefore  be  made  as  a  rule  while  the  cable  is  on  the 
drum. 

Should  there  be  any  exceptions  to  this  rule,  and  it 
be  found  possible  to  apply  any  required  pressure  to  a 
cable  laid  in  a  conduit,  care  must  be  taken,  where 
cable  heads  are  used,  to  see  that  the  pressure  applied 
is  not  so  great  as  to  force  the  lids  off  these  heads,  or 
spring  them  to  such  an  extent  that  they  are  no  longer 
air  tight.  They  certainly  will  not  stand  anything 
like  a  pressure  of  70  Ib.  to  the  square  inch,  and  it 
must  therefore  be  regulated  under  these  circum- 
stances accordingly. 

A  204  pair  cable  head,  for  example,  will  as  a  rule 
show  signs  of  giving  way  with  a  pressure  of  not  more 
than  20  Ib.  to  the  square  inch,  unless  means  are 
taken  to  strengthen  it ;  but  as  cable  heads  of  this  size 
are  usually  only  fixed  indoors,  this  can  as  a  rule  be 
easily  done.  A  52  pair  head  will  generally  stand  a 
pressure  of  about  50  Ib.  before  the  lid  shows  signs 
of  giving  way.  Small  sized  cable  heads  and  joint 
boxes  will  however  stand  considerably  more  pressure 
than  this. 

There  are  two  principal  methods  employed  of 
applying  dry  air  to  cables.  One  is  by  means  of  a 
small  portable  hand  pump  with  which  air  can  be 
applied  to  a  cable  at  any  exposed  part  of  its  length, 
into  which  a  dry  air  plug  has  been  wiped,  the 
second  method  being  to  use  a  large  pump  fixed  at  the 
exchange  driven  by  a  power  motor  of  some  description, 
generally  either  a  hot  air  or  gas  engine,  or  an  electric 
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motor.  In  both  cases  a  set  of  drying  cylinders  are 
used  through  which  the  air  must  pass  before  entering 
the  cable. 

These  cylinders  are  charged  with  chloride  of  calcium 
broken  up  into  small  pieces,  which  should  be  renewed 
directly  it  has  become  saturated  with  water.  The 


\ 
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Fig.  230. 

first  cylinder  of  a  set,  nearest  the  pump,  will  always 
absorb  more  water  than  those  following  it.  The 
calcium  is  contained  inside  the  cylinders  in  a  number 
of  trays  carried  on  a  rod  by  means  of  which  they  can 
be  easily  withdrawn,  as  shown  in  Fig.  230. 

The  best  method  to  adopt  when  recharging  these 
cylinders  is  to  renew  the  calcium  contained  in  the  first 
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cylinder  next  the  pump  only,  and  transfer  its  contain- 
ing trays  to  the  cylinder  nearest  to  the  cable,  and 
transfer  the.  trays  and  contents  of  No.  4  cylinder  to 
No.  3,  and  those  in  No.  3  to  No.  2,  and  No.  2  to  No.  1. 
By  this  plan  being  followed,  the  calcium  in  all  the 
cylinders  will  in  turn  be  renewed  after  performing 
a  maximum  amount  of  work,  and  none  of  it  will 
therefore  be  wasted.  Care  should  always  be  taken 
to  keep  chloride  of  calcium  in  air  tight  boxes  pending 
its  being  used  in  the  drying  cylinders,  otherwise  it 
will  absorb  moisture  from  the  atmosphere  and 
consequently  become  useless. 

The  use  of  a  hand  pump  for  drying  out  a  cable  is 
as  a  rule  inadmissible  if  a  power-driven  pump  can  be 
employed  instead,  as  it  entails  very  heavy  expense  in 
the  way  of  labour,  and  the  results  are  not  by  any 
means  so  satisfactory. 

Auxiliary  apparatus  is  sometimes  employed  where 
a  pump  is  driven  by  mechanical  power,  in  the  shape 
of  storage  cylinders  and  connexions  by  means  of 
which  dry  air  stored  in  them  can  be  passed  into  a 
number  of  separate  cables  and  permanently  retained 
therein,  a  gauge  being  connected  to  the  apparatus 
which  will  immediately  indicate  a  fall  in  pressure  due 
to  a  leak  in  either  one  of  them. 

Whether  any  real  advantage  is  derivable  by  the 
use  of  this  apparatus  is  doubtful,  and  much  diversity 
of  opinion  exists  about  the  matter.  By  some  engineers 
it  is  considered  to  serve  no  other  object  than  that  of 
demonstrating  its  own  uselessness. 


xx.]  DEY  AIR.  321 

Fairly  efficient  as  these  methods  are  of  applying  dry 
air  to  cables,  in  order  to  raise  their  insulation  resistance 
to  the  highest  possible  standard,  they  nevertheless 
leave  something  better  to  be  desired,  and  much  more 
use  might  be  made  of  dry  air  than  is  at  present  done 
as  a  rule,  by  employing  still  more  effective  methods. 
One  method  by  means  of  which  a  cable  could  be  more 
expeditiously  dried  out  than  is  usually  possible  by 
applying  the  air  at  its  end  is  to  lay  a  small  iron  pipe 
along  the  whole  length  of  the  main  conduit  system, 
and  connect  it  with  a  power  pump  at  the  exchange 
end.  By  this  means  any  required  pressure  of  air 
could  be  readily  obtained  at  any  manhole  along  the 
routes,  teed  connecting  ends  being  joined  to  the  pipe 
in  each  manhole,  to  which  could  be  attached  a  flexible 
tube  connected  at  its  other  end  to  any  cable  into 
which  air  is  required  to  be  pumped,  through  the 
medium  of  a  dry  air  plug ;  or  it  could  if  desired  be 
pumped  into  the  same  cable  at  several  points  simul- 
taneously, or  into  a  number  of  different  cables. 
Branch  cables  could  also  by  this  means  have  a  large 
volume  of  air  at  a  high  pressure  pumped  into  them 
direct,  instead  of  the  air  having  first  of  all  to  travel 
very  slowly  through  perhaps  a  mile  or  more  of  main 
cable  laden  with  any  moisture  it  has  absorbed  in  its 
passage,  or  through  a  long  length  of  cable  which  does 
not  require  to  have  air  applied  to  it  at  all.  In  either 
case,  as  has  already  been  stated,  the  quantity  of  air 
reaching  the  distant  end  of  a  long  cable  is  generally 
very  small  and  the  pressure  quite  insufficient  in  many 
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cases  to  drive  it  through  a  branch  cable,  particularly 
if  it  is  itself  of  considerable  length. 

By  providing  a  dry  air  supply  pipe  of  this  kind  in 
connexion  with  underground  dry  core  cable  systems, 
the  air  can  be  readily  used  for  testing  plumbers'  joints 
and  for  keeping  the  conductors  dry  while  being 
jointed  instead  of  using  artificial  heat  for  the  purpose, 
as  already  referred  to. 

As  a  rule  it  would  only  be  necessary  to  lay  the 
supply  pipe  on  main  conduit  routes  where  manholes 
are  used,  and  the  cost  of  laying  it  down  would  be  very 
small  if  the  work  is  done  at  the  same  time  as  the 
conduits  are  being  laid.  A  J  inch  bore  pipe  would  be 
large  enough  to  employ  for  this  purpose. 

The  advantages  derivable  by  employing  this  system 
of  applying  dry  air  to  dry  core  cables  are  so  many 
and  the  cost  of  providing  it  so  small  that  it  is  one 
that  should  be  adopted  in  connexion  with  all  large 
underground  telephone  cable  systems  particularly,  in 
preference  to  any  other. 
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CHAPTER  XXI. 

TESTING. 

THERE  are  three  principal  uses  to  which  the  apparatus 
described  in  the  following  paragraphs  may  be  put  in 
connexion  with  the  construction  and  maintenance  of 
telephone  line  circuits,  viz. — To  discover  the  existence 
of  faults,  to  localize  them,  and  to  ascertain  the  degree 
of  electrical  efficiency  which  such  circuits  and  the 
instruments  connected  to  them  possess. 

Faults  on  line  circuits  consist  as  a  rule  of  either 
total  or  partial  disconnexions,  earths,  contacts,  or 
short  circuits. 

To  determine  the  nature  of  any  fault  which  is  known 
to  exist,  the  use  of  very  simple  apparatus  only  is 
necessary.  The  simplest  form  of  instrument  used  for 
this  purpose  is  what  is  commonly  called  a  lineman's 
"  detector  galvanometer,"  which  consists  of  a  mag- 
netized needle,  weighted  at  one  end  and  pivoted  at  its 
centre  between  two  coils  of  silk  covered  wire,  con- 
tained in  a  small  wooden  box.  The  ends  of  the  coils 
of  wire  are  attached  to  terminals  fixed  outside  on 
top  of  the  box.  The  front  of  the  latter  is  of  glass, 
under  which  is  a  dial  plate  having  a  scale  marked 
upon  its  upper  surface  over  which  the  point  of  an 
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index  needle  attached  to  the  magnetized  needle  be- 
tween the  coils  will  travel,  whenever  an  electric 
current  is  sent  through  either  of  the  coils.  Fig.  231 
shows  the  complete  instrument,  while  Figs.  232  and 
232A  show  its  connexions  in  detail. 

There  are  generally  two  separate  wires  surrounding 
the   needle,    one   being   a   thin   wire   of   fairly   high 


Fig.  231. 

resistance,  usually  about  100  ohms,  which  is  wound 
on  the  bobbins  first,  and  its  ends  are  connected  to 
the  centre  and  left  hand  terminals.  The  second  coil 
is  of  thick  wire  having  a  resistance  of  about  1  ohm, 
and  its  ends  are  soldered  to  the  centre  and  right  hand 
terminals. 

The  thick  wire  is  generally  called  the  quantity  coil 
and  the  thin  wire  the  intensity.     The  intensity  coil  is 
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used  for  making  rough  tests  of  the  electromotive 
force  of  battery  cells,  and  the  quantity  coil  for  roughly 
testing  their  internal  resistance,  but  for  ascertaining 
the  nature  of  a  line  fault  the  intensity  coil  should  be 
used,  or  both  coils  may  ba  employed  in  series,  the 
wires  under  test  being  in  the  latter  case  joined  to  the 
two  outer  terminals. 

To   ascertain   with   this   galvanometer   whether   a 


Fig.  232.  Fig.  232A. 

line  circuit  is  complete,  join  one  of  its  terminals  to 
a  battery,  and  the  other .  to  the  line  wire,  and  the 
other  side  of  the  battery  connect  to  earth.  If,  when 
these  connexions  are  made,  the  needle  is  deflected 
from  its  normal  position  at  zero  on  the  scale  and 
remains  so,  it  may  be  taken  as  evidence  that  the  cir- 
cuit is  complete,  but  if  there  is  no  movement  of  the 
needle  the  contrary  will  be  the  case,  showing  that  the 
line  is  broken  somewhere  or  "  insulated  "  as  it  is  techni- 
cally termed.  If  it  is  a  metallic  circuit  that  is  being 
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tested,  the  second  wire  should  be  joined  to  the  battery 
instead  of  the  latter  being  earthed,  as  shown  in  Fig. 
233. 

a  &- 


Fig.  233. 

If  instead  of  the  needle  remaining  steady  at  the  point 
on  the  scale  to  which  it  is  first  deflected,  it  returns  to 
zero  and  is  then  again  deflected,  and  constantly  moves 
to  and  fro,  this  will  indicate  the  fact  that  the  circuit  is 
intermittently  disconnected  at  some  part  of  its  length. 

To  ascertain  whether  a  line  wire  is  in  contact  with 
"  earth  "  or  other  contiguous  wire,  the  galvanometer 
and  battery  should  be  connected  up  in  the  same 


Fig.  234. 

manner  as  when  testing  the  continuity  of  an  earth 
circuit,  but  the  distant  end  of  the  line  wire  should  be 
left  free  as  in  Fig.  234. 
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If  the  line  is  making  earth  in  any  way,  say  at 
point  marked  X,  the  needle  will  be  deflected,  as  the 
circuit  will  then  be  completed  through  the  fault.  If 
it  is  a  metallic  circuit  that  is  being  tested  the  con- 
nexions will  be  exactly  the  same,  one  of  the  line 
wires  being  left  free  at  the  near  end. 

To  discover  whether  a  line  wire  is  short  circuited, 
the  distant  end,  or  ends  in  the  case  of  a  metallic 
circuit,  should  be  left  free,  and  a  test  then  made  for 
continuity  in  the  manner  already  described.  If  the 
needle  is  deflected  under  these  conditions  it  will  be 


Fig.  235. 


evident  that  the  line  is  short  circuited  by  making 
"  dead  earth,"  i.e.  a  perfect  earth,  if  it  is  a  single 
wire  line,  at  some  point  between  its  two  ends,  or  in 
the  case  of  a  metallic  circuit,  that  the  two  wires 
forming  it  are  in  contact,  as  shown  in  Fig.  235. 

For  use  out  of  doors  in  making  the  foregoing  simple 
tests,  a  more  convenient  and  generally  useful  form 
of  testing  apparatus  to  employ  is  an  ordinary  small 
set  of  telephone  instruments,  consisting  of  transmitter, 
receiver,  magneto  generator,  bell,  and  battery,  fitted 
in  a  waterproof  case  having  a  carrying  strap  at- 
tached to  it  after  the  pattern  shown  in  Fig.  236. 
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The  advantage  to  be  gained  by  using  this  form  of 
testing  apparatus  in  preference  to  a  galvanometer 
and  battery,  is  that  a  faultsman  can  by  its  means 
communicate  verbally  with  headquarters,  or  with 
the  subscriber  on  whose  line  he  is  tracing  a  fault, 
from  any  point  in  its  length,  as  well  as  being  able 


Fig.  236. 

to  test  with  the  instruments  with  the  same  facility 
as  if  a  galvanometer  were  used. 

Tests  are  made  with  this  apparatus  in  an  exactly 
similar  manner  as  when  a  galvanometer  and  battery 
is  employed,  it  simply  being  connected  up  in  place 
of  the  latter.  The  magneto  bell  will  indicate  by 
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ringing  that  a  circuit  is  complete  when  a  current  is 
sent  over  the  line  by  turning  the  handle  attached  to 
the  generator,  which  takes  the  place  of  the  battery. 

In  order  to  facilitate  the  work  of  carrying  out  the 
tests  described,  it  will  be  found  advantageous  where 
a  large  number  of  lines  terminate,  as,  for  example, 


Fig.  237. 

in  an  exchange  test  room,  to  use  a  combination  of 
both  forms  of  apparatus  in  conjunction  with  suitable 
switches  by  means  of  which  connexions  may  be 
readily  made  with  any  particular  circuit. 

A  very  convenient  and  handy  arrangement  of  this 
kind  is  shown  diagraminatically  in  Fig.  237. 
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This  combination  consists  of  an  ordinary  set  of 
telephone  instruments,  a  4-key  cam  lever  switch, 
magneto  extension  bell,  galvanometer,  battery,  inter- 
mediate through  switch,  and  4- way  plug. 

On  the  4-way  plug  being  inserted  into  the  test  jack 
of  any  line  it  is  desired  to  test,  the  telephone  set  will 
be  bridged  across  the  circuit,  all  the  levers  of  the 
4-key  switch  being  down  and  intermediate  through 
switch  in  centre  position. 

If  the  intermediate  through  switch  is  turned  to 
the  right  or  left  position  the  magneto  extension  bell 
will  be  in  circuit  on  one  side  of  the  loop  and  the 
telephone  set  on  the  other  side  as  the  case  may 
be. 

On  raising  the  lever  of  the  key  marked  L  of  the  4- 
lever  switch  the  galvanometer  is  brought  into  circuit, 
by  means  of  which  a  test  for  continuity  may  be  made. 
If  the  circuit  is  complete  the  needle  will  be  deflected, 
but  if  broken  will  remain  stationary  at  zero. 

By  raising  the  lever  of  the  key  marked  A,  the  A 
wire  of  a  metallic  circuit  may  be  tested  for  "  earth," 
and  by  raising  the  lever  of  key  marked  B  the  B  wire 
may  be  similarly  tested,  either  on  the  exchange  side 
of  the  test  board  or  the  outside  portion  of  the  circuit, 
the  intermediate  through  switch  being  moved  to  the 
right  or  left  position  as  the  case  may  be  in  order 
to  effect  this.  "When  either  of  the  two  line  wires  is 
being  tested  for  u  earth,"  on  the  lever  of  key  C  being 
raised  the  earth  connexion  on  the  lightning  arrester 
strip  on  the  test  board,  if  used,  will  be  cut  off,  while 
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the  test  is  being  made,  thus  making  sure  that  a  fault 
is  not  being  caused  by  the  earth  connexion  on  the 
arresters. 

LOCALIZATION  OP  FAULTS.  The  most  expeditious 
way  to  localize  the  position  of  many  of  the  faults 
which  occur  on  overhead  line  wires,  if  they  are  com- 
paratively short  ones,  is  for  a  lineman  to  walk  over 
the  route  traversed  by  the  wires  and  carefully  examine 
them.  By  so  doing  he  will  not  only  find  the  fault 
quickly  as  a  rule,  but  when  found  he  will  be  able 
to  rectify  it  there  and  then,  unless  it  is  a  serious 
breakdown  requiring  the  services  of  more  than  one 
man  to  remedy.  In  many  cases  a  linesman  will  go 
almost  directly  to  that  part  of  the  route  where  he 
knows,  from  experience,  a  fault  is  most  likely  to  be 
found. 

In  the  case  of  faults  on  long  overhead  circuits  or 
in  underground  or  overhead  cables  they  should  be 
localized  by  making  electrical  tests,  which  can  best 
be  done  by  means  of  the  Wheatstone  Bridge  and 
other  apparatus  which  will  now  be  described  and  the 
method  of  using  them  explained. 

THE  WHEATSTONE  BRIDGE  or  balance  was  originally 
devised  by  Mr.  Hunter  Christie  about  the  year  1833, 
but  was  subsequently  much  improved  by  Dr.  Siemens 
and  Sir  Charles  Wheatstone,  and  with  the  name  of 
the  latter  great  scientist  it  has  ever  since  been 
associated. 

Before  describing  a  few  modern  types  of  the  Wheat- 
stone  Bridge  it  is  necessary  that  the  reader  should 
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first  understand  the  principle  which  underlies  its  use 
for  testing  purposes,  and  this  will  be  easily  under- 
stood on  referring  to  the  annexed  plan,  Fig.  238. 

A  B  and  C  represent  three  sets  of  coils  of  wire 
wound  to  certain  fixed  resistances,  while  D  is  the 
line  wire  or  other  conductor  which  is  to  be  tested. 


G-  is  a  sensitive  galvanometer  connected  between 
the  two  points  numbered  2  and  3,  and  E  a  battery 
the  poles  of  which  are  connected  to  the  key  K,  and 
point  marked  4,  while  the  contact  stud  of  the  key  is 
joined  to  point  1. 

On  the  key  being  depressed  the  battery  circuit  is 
completed,  the  current  dividing  at  point  1,  half  of  it 
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travelling  via  A  2  D  and  the  other  half  over  B  3  C 
to  point  4,  where  it  reunites  and  returns  to  the  battery. 
If  the  two  paths  thus  traversed  by  the  current  are 
of  exactly  equal  resistance  no  current  will  pass  through 
the  galvanometer,  and  the  needle  will  consequently 
remain  stationary  as  the  potential  or  pressure  of 
the  current  will  be  the  same  at  points  2  and  3,  for 
where  there  is  no  difference  of  potential  there  can 
be  no  flow  of  current,  this  being  one  of  the  funda- 
mental laws  upon  which  the  action  of  the  bridge  is 
based. 

If,  however,  the  resistance  of  the  two  branches 
differs,  less  current  will  pass  over  the  branch  having 
the  highest  resistance  than  over  the  branch  having 
the  least,  and  consequently  the  pressure  at  points 
2  and  3  will  not  be  the  same.  If  this  be  so  the 
excess  current  on  the  one  branch  over  that  flowing 
over  the  other  branch  will  pass  through  the  galvano- 
meter coil  and  the  needle  will  be  deflected  from  its 
normal  position  until  the  balance  between  the  two 
branches,  or  arms  of  the  bridge  as  they  are  termed, 
is  restored,  i.e.  until  they  are  again  made  of  equal 
resistance.  This  is  effected  by  varying  the  resistance 
in  C  which  is  known  as  the  Rheostat  and  is  also 
spoken  of  as  the  adjustable  or  variable  arm  of  the 
bridge,  while  A  and  B  are  termed  the  "  ratios "  or 
ratio  arms.  If  the  resistance  in  A  bears  the  same 
proportion  to  the  resistance  in  D  that  the  resistance 
in  B  bears  to  that  in  C,  or  when  A  is  to  B  as  D  is 
to  C,  or  if  A  when  multiplied  by  C  is  equal  to  B 
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when  multiplied  by  D,  the  potential  of  the  current 
at  points  2  and  3  will  be  the  same,  and  such  being 
the  case  the  galvanometer  will  not  be  affected  in 
any  way. 

If  three  out  of  the  four  resistances  are  known  the 
measurement  of  the  fourth  resistance  will  be  at  once 
obtained  by  making  a  simple  calculation  in  the  rule 
of  three. 

Assuming  for  example  that  D  is  a  telephone  line 
wire  the  resistance  of  which  it  is  desired  to  measure, 
and  that  a  balance  is  obtained  when  there  is  a  known 
resistance  of  100  ohms  in  A,  100  ohms  in  B  and  40 
ohms  in  C,  the  resistance  of  the  wire  in  D  will  be  40 

ohms,  for  as  100  :  100  :  :  40  :  D  or  D  = 

If,  as  a  further  example,  the  known  resistance  in  A 
is  100  ohms,  in  B  10  ohms,  and  in  C  120  ohms  when 
a  balance  is  obtained,  the  resistance  of  the  line  wire 
in  D  would  be  1,200  ohms,  for 

10  :  100  :  120::  1,200  or  D  = 

or,  if  again,  in  order  to  obtain  a  balance  10  ohms  is 
inserted  in  A,  1,000  ohms  in  B  and  320  ohms  in  C, 
the  resistance  in  D  would  be  3'2  ohms,  for  as 
1000:  10::  320:  3-2 


The  modern  form  of  the  Wheatstone  Bridge  con- 
structed for  practical  use,  consists  of  a  number  of 
silk  covered  coils  of  platinoid  wire  differentially 
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wound  on  suitable  bobbins,  i.e.  the  wire  of  each 
coil  is  doubled  at  its  centre  point,  and  the  two  halves 
are  wound  on  the  bobbin  together.  By  winding  the 
coils  in  this  way  the  effects  of  any  induced  or  second- 
ary current  flowing  in  one  half  of  the  coil  will  be 
neutralized  by  a  similar  current  flowing  in  the  second 
half  of  the  coil.  Each  coil  is  very  accurately  wound 
to  a  certain  resistance  and  its  ends  are  securely  con- 
nected to  two  massive  brass  blocks  screwed  on  to  an 


Fig.  239. 

ebonite  slab  as  shown  in  Fig.  239.  It  will  be  ob- 
served that  the  brass  blocks  are  chamfered  at  .their 
lower  ends,  the  object  of  this  being  to  allow  sufficient 
room  to  clean  away  any  dust  collected  on  the  ebonite 
slab  between  the  openings  at  the  ends  of  the  blocks, 
which  might  provide  a  path  of  low  resistance  between 
them,  if  allowed  to  remain,  and  thus  create  serious 
errors  in  the  measurements  made. 

At  the  ends  of   the  brass  blocks    grooves  are  cut 
into  which  short  circuiting  plugs  are  inserted  which 
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cut  out  the  coils  when  not  required.  The  shanks  of 
these  plugs,  one  of  which  is  shown  in  position  in  the 
sketch,  are  made  of  brass,  and  they  are  slightly 
tapered  and  made  to  fit  into  their  positions  very 
accurately  in  order  to  insure  perfect  contact.  The 
upper  ends  are  screwed  and  pinned  into  small  ebonite 


Fig.  240. 

crowns  which  serve  as  handles  for  manipulating 
them. 

Fig.  240  illustrates  a  very  well  known  form  of 
Wheatstone  Bridge  usually  called  the  P.O.  pattern, 
made  by  Elliott  Brothers. 

The  construction  and  method  of  using  this  make 
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of  bridge  is  very  simple  ;  it  is  also  very  compact  and 
portable.  It  consists  of  two  sets  of  three  coils  in 
each  of  the  ratio  arms  of  10,  100,  and  1,000  ohms 
resistance  respectively,  and  in  the  variable  arm  or 
Rheostat  there  are  fifteen  separate  coils,  of  resistances 
varying  from  1  to  4,000  ohms,  their  total  value  re- 
presenting a  resistance  of  11,110  ohms.  Two  keys 
are  provided,  one  for  bringing  the  battery  and  the 
other,  the  galvanometer,  into  circuit. 


Fig.  241. 

The  value  of  each  coil  and  the  general  arrange- 
ment of  the  bridge  and  its  connexions  is  clearly 
shown  in  the  diagram  Fig.  241. 

The  galvanometer  usually  supplied  for  use  with 
this  form  of  bridge  is  shown  in  Fig.  24lA. 

The  coil  is  wound  to  a  resistance  of  from  800  to 
1,000  ohms,  the  needle,  which  is  a  very  light  one, 
being  pivoted  horizontally  at  its  centre.  Owing  to 
there  being  such  a  large  number  of  turns  of  wire  in 
the  coil  and  its  being  so  close  to  the  needle,  and  to 
the  delicate  manner  in  which  the  latter  is  pivoted, 
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great  sensitiveness  is  obtained.  The  point  of  an 
index  needle  attached  to  the  magnetized  needle 
travels  over  a  scale,  marked  on  a  dial  plate,  in  which 
a  small  mirror  is  fixed,  and  its  reflected  image  coin- 
cides with  its  own  movements.  The  observer  therefore, 
when  looking  vertically  down  on  the  needle,  will  not 
see  its  reflected  image. 

By  varying  the  resistances  in  the  ratio  arms  of  the 
bridge,  resistances  from  '01  to  1,111,000  ohms,  may 
be  measured.  In  some  makes  of  bridge,  however, 


Fig.  24lA. 

additional  coils  of  10,000  ohms  resistance  are  provided 
in  the  ratio  arms,  which  make  it  possible  to  measure 
resistances  from  '001  of  an  ohm  to  over  eleven 
megohms  (eleven  million  ohms). 

Two  of  the  plug  holes  in  the  Rheostat,  it  will  be 
observed,  are  marked  INF,  which  is  short  for  infinity. 
At  these  points  the  brass  blocks  are  not  connected 
by  any  coil,  and  consequently  if  either  of  the  short 
circuiting  plugs  is  removed  the  continuity  of  any 
circuit  in  which  the  Rheostat  is  included  will  be 
"broken.  If  in  making  an  insulation  resistance  test 
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one  of  these  plugs  is  removed,  it  will  indicate  that 
the   insulation   of   the   line  under   test  is  perfect  or 


infinite,  unless  a  very  sensitive  galvanometer  is  used, 
when  this  may  or  may  not  always  be  so. 
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Sunk  in  the  side  of  the  containing  box  is  a  small 
switch  which  is  provided  for  the  purpose  of  con- 
veniently reversing  the  battery  current. 

In  Fig.  242  is  depicted  another  type  of  Wheatstone 
Bridge,  in  which  the  adjustable  arm  consists  of  four 
sets  of  9  coils  each,  representing  units,  tens,  hundreds, 
and  thousands,  arranged  in  dial  form,  the  proportional 
qr  ratio  coils  being  in  a  straight  line.  The  general 
arrangement  of  the  parts  and  the  connexions  is 
shown  in  the  diagram  Fig.  243. 


Fig.  243. 

The  various  resistances  are  brought  into  circuit  in 
the  variable  arm  by  inserting  plugs  in  the  holes 
between  the  inner  and  outer  brass  blocks,  instead  of 
by  taking  plugs  out  as  in  the  P.O.  pattern  of  bridge, 
and  therein  lies  the  principal  advantage  claimed  for 
this  type  of  bridge,  as  a  less  number  of  movements 
have  to  be  made  in  manipulating  it,  and  there  is  less 
chance  of  bad  contacts  being  made  owing  to  plugs 
being  left  loose. 

The  foregoing  brief  description  of  the  construction 
of  typical  forms  of  Wheatstone  Bridge  used  in 
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practical  work  will  enable  the  reader  to  readily 
understand  the  method  of  oparating  it  which  is  very 
simple. 

There  are  two  distinct  kinds  of  tests  in  which  the 
Wheatstone  Bridge  can  ba  employed,  viz.,  to  test  or 
measure  the  resistance  offered  by  a  conductor  to  the 
passage  of  an  electric  current,  and  to  test  its  insul- 
ation resistance  ;  and  the  localization  of  faults  on  line 
circuits  by  means  of  the  bridge  requires  the  appli- 
cation of  one  or  other  of  these  tests. 

For  making  conductor  resistance  measurements  a 
battery  of  from  two  to  four  cells  will  generally  be 
found  sufficient,  but  for  testing  insulation  resistance — 
i.e.  the  resistance  offered  to  the  escape  of  current  by 
the  insulators  supporting  an  overhead  line  or  by  the 
dielectric  or  insulating  media  separating  the  wires  in 
a  cable — a  powerful  battery  is  required,  as  many  as 
100  cells  being  commonly  used  for  this  purpose. 
Testing  batteries  are  supplied  with  some  makes  of 
bridge  made  up  in  portable  and  compact  form.  They 
consist  generally  of  small  dry  cells  of  the  Leclanche 
type  fitted  and  sealed  up  in  strong  wooden  boxes, 
suitable  terminals  being  provided  by  means  of  which 
connexion  can  be  conveniently  made  with  any  re- 
quired number  of  cells. 

The  choosing  of  the  ratios  to  be  used  when 
making  various  tests,  in  order  to  obtain  the  best 
results,  requires  the  exercise  of  a  certain  amount  of 
judgment  on  the  part  of  the  operator.  Generally 
speaking  large  ratios  should  be  used  if  the  resist- 
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ance  to  be  measured  is  a  high  or  very  low  one.  The 
best  results  will  usually  be  obtained  by  using  the 
following  resistances  in  the  left  and  right  hand  ratio 
arms  respectively :-- 


Left-Laud 

Right-hand 

arm.                      arm. 

If  the  resistance  to  be  measured 

j 

is  under  1  ohm    

1,000 

10 

If  from  1  to  10  ohms  

100 

10 

.,          10  to  100  ohms   .... 

100 

100 

„          100  to  1,000  ohms  .     .     . 

1,000 

1,000 

„          1,000  to  100,000  ohms.     . 

100 

1,000 

,.          100,000  to  1,000,000  ohms 

10 

1,000 

RESISTANCE  OR  CONDUCTIVITY  TEST.  Assuming  it 
is  desired  to  measure  the  resistance  of  a  certain 
metallic  line  circuit,  and  that  the  form  of  bridge 
used  is  the  P.O,  pattern  just  described,  proceed  as 
follows : — 

Join  one  of  the  two  line  wires  forming  the  metallic 
loop  to  the  binding  post  provided  at  the  end  of  the 
right  hand  ratio  arm  of  the  bridge,  to  which  also 
connect  one  side  of  the  galvanometer;  then  connect 
the  second  line  wire  to  a  similar  binding  post  fixed  at 
the  end  of  the  variable  arm,  i.e.  at  the  right  hand 
end  of  the  front  row  of  coils.  To  this  binding  post 
also  join  one  pole  of  a  small  battery,  and  connect  the 
other  pole  of  the  battery  to  key  marked  K  and  con- 
nect the  second  key  marked  K'  to  the  galvanometer 
as  shown  in  Fig.  244. 

Supposing   the    resistance   of    the    line    circuit    is 
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known  to  be  between  10  and  100  ohms,  take  out  the 
two  100  ohm  coil  plugs  in  the  ratio  arms,  and  say 
50  ohms  in  the  Rheostat,  and  depress  the  battery  key 
and  then  the  galvanometer  key,  keeping  both  keys 
down  only  for  a  sufficient  length  of  time  to  enable 
the  direction  in  which  the  needle  is  deflected  and 
the  point  it  reaches  on  the  scale  to  be  noted.  If 
when  the  galvanometer  key  is  depressed  the  needle 
moves  to  the  right  for  a  distance  of  20  degrees 


on  the  scale,  this  will  indicate  that  the  50  ohms 
resistance  unplugged  in  the  Rheostat  is  either  too 
much  or  too  little  to  balance  the  resistance  of  the 
line  wire,  and  is  not  therefore  a  measure  of  it.  To 
ascertain  whether  too  much  or  too  little  resistance  is 
in  circuit,  unplug  another  resistance  in  the  Rheostat 
of  small  value,  and  again  depress  the  battery  and 
galvanometer  keys.  If  now  the  needle  is  deflected 
to  a  less  extent  than  at  first,  say  to  10  degrees  on  the 
scale,  it  will  indicate  that  the  50  ohms  first  un- 
plugged is  insufficient,  and  that  even  with  the  second 
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plug  out  still  further  resistance  requires  to  be  added, 
and  this  must  be  done  until  on  pressing  the  keys  the 
galvanometer  needle  remains  quite  stationary  at  zero, 
which  will  indicate  that  a  perfect  balance  exists 
between  the  two  branches  of  the  bridge,  over  which 
the  current  from  the  battery  flows.  To  find  the 
resistance  of  the  circuit  under  test,  all  that  remains  to 
be  done  is  to  total  up  the  value  of  the  resistances 
unplugged  in  the  Rheostat  or  variable  arm,  and  this 
total  will  represent  in  ohms  the  resistance  of  the  line 
circuit.  If  when  making  the  foregoing  test  the 
needle  is  deflected,  on  a  second  plug  being  taken  out, 
farther  on  the  scale  than  when  one  plug  only  is 
removed,  it  will  of  course  mean  that  the  resistances 
employed  are  of  too  high  a  value,  and  other  plugs 
must  be  withdrawn  and  manipulated  in  their  place 
until  a  balance  results. 

If  instead  of  using  even  resistances  in  the  pro- 
portional or  ratio  arms  when  making  a  conductivity 
test  it  is  found  necessary  to  employ  unequal  resist- 
ances, the  resistance  unplugged  in  the  Rheostat  when 
a  balance  is  obtained  must  be  multiplied  by  the 
resistance  used  in  the  right  hand  ratio  arm,  and  then 
divided  by  that  unplugged  in  the  left  hand  arm,  or 
simply  multiply  or  divide  the  resistance  in  the 
Rheostat,  as  the  case  may  be,  by  the  proportional 
difference  between  the  resistances  used  in  the  ratio 
arms. 

If,  for  example,  the  resistance  used  in  the  right  hand 
ratio  arm  is  1,000  ohms  and  in  the  left  hand  100 
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ohms,  this  will  represent  a  difference  or  ratio  between 
them  of  10  to  1,  and  assuming  50  ohms  to  be  un- 
plugged in  the  Rheostat,  the  correct  resistance  of  the 
line  or  other  conductor  under  test  will  be  500  ohms. 
If  on  the  other  hand  100  ohms  is  used  in  the  left  hand 
ratio  arm  and  10  ohms  in  the  right  hand  arm  the 
resistance  in  the  Rheostat,  say  15  ohms,  must  be 
divided  by  the  difference  in  their  value,  and  the 
quotient,  viz.,  1-5  ohms,  will  be  the  measure  of  the 
resistance  of  the  conductor  under  test. 

Sometimes  it  will  be  found  that  a  perfect  balance 
cannot  be  obtained  when  even  ratios  are  used.  If,  for 
example,  when  72  ohms  is  unplugged  in  the  Rheostat 
the  needle  is  deflected  a  degree  or  two  on  the  scale  to 
the  right  of  zero,  and  when  71  ohms  is  in  circuit  it  is 
deflected  a  degree  or  two  to  the  left  of  zero,  it  will  be 
evident  that  the  measure  of  the  resistance  being  tested 
is  between  71  and  72  ohms,  and  the  proportional  coils 
must  therefore  be  adjusted  for  fractions  of  "an  ohm, 
the  100  ohm  plug  remaining  out  in  the  left  hand 
ratio  arm,  and  the  10  ohm  plug  being  taken  out  in 
the  right  hand  arm.  Then  unplug  a  little  over  ten 
times  71  ohms  in  the  Rheostat,  and  if,  say,  when  715 
ohms  is  in  circuit  a  balance  results  on  depressing  the 
keys,  the  resistance  of  the  conductor  under  test  will 
be  71-5  or  7H  ohms,  for  as  100  :  10::  715  :  71'5.  If 
the  line  to  be  tested  is  a  single  one  or  "  earth  cir- 
cuit," the  end  of  the  Rheostat  and  one  pole  of  the 
battery  must  be  connected  to  earth,  care  being  taken 
to  insure  that  the  earth  connexion  is  a  good  one,  and 
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the  line  wire  must  be  attached  to  the  end  of  the  right 
hand  ratio  arm  and  its  distant  end  put  to  earth  ;  the 
rest  of  the  connexions  being  the  same  as  in  the  case 
of  testing  a  metallic  circuit,  as  shown  in  the  annexed 
diagram,  Fig.  245.  The  test  is  then  made  in  an  exactly 
similar  manner  to  that  just  described.  Two  tests 
should,  however,  always  be  made  of  an  earth  circuit 


^  L 

Fig.  245. 

line,  one  with  the  positive  and  the  other  with  a 
negative  current  from  the  battery,  and  the  mean  of 
the  two  tests  taken  as  a  measure  of  the  resistance  of 
the  circuit. 

Assuming,  for  example,  that  the  first  test  results  in 
a  balance  being  obtained  when  52  ohms  is  unplugged 
in  the  Rheostat,  and  that  in  the  second  test  a  balance 
results  when  48  ohms  is  in  circuit,  even  ratios  being 
employed  in  both  tests,  the  mean  resistance  will  be 
50  ohms  for 

^±^  =  50 


The    resistance  of    a   telephone   or   telegraph   line 
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circuit,  whether  laid  underground  or  run  overhead,  is 
usually  reckoned  in  ohms  per  mile,  which  is  found  by 
dividing  the  total  resistance  of  the  circuit  by  its 
length  in  miles,  or  if  it  is  less  than  a  mile,  by  multi- 
plying the  resistance  of  the  line  by  1,760,  and  then 
dividing  it  by  its  length  in  yards.  Assuming,  for  ex- 
ample, that  the  total  resistance  of  a  line  circuit  twelve 
miles  in  length  is  150  ohms,  its  resistance  psr  mile 
would  be  12-5  or  12J  ohms  per  mile  for 


or  if,  as  a  further  example,  the  total  length  of  the 
circuit  under  test  is  1,320  yards  and  its  resistance  is 
9  ohms,  its  resistance  per  mile  would  be  12  ohms  for 

1,760  x9_19 
1,320 

As  earth  currents  are  sometimes  present  on  earthed 
circuits,  and  as  the  earth  itself  also  offers  a  certain 
amount  of  resistance  to  the  passage  of  an  electric 
current,  it  is  better  when  a  line  of  this  kind  is  to  be 
tested  to  dispense  with  the  earfch  altogether,  and  join 
the  wire  at  the  distant  end  to  another  exactly  similar 
line  if  the  use  of  such  a  line  can  be  obtained.  The 
loop  thus  formed  can  then  be  tested,  and  the  resistance 
of  either  of  the  two  wires  will  be  that  of  both  of  them 
divided  by  two. 

If  however  it  is  not  possible  to  obtain  the  use  of  a 
second  wire  of  exactly  the  same  gauge  and  length, 
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and  made  of  the  same  metal  as  the  line  under  test, 
but  if  the  use  of  two  other  wires  of  any  description 
can  be  had  running  between  the  same  points  as  the 
wire  being  tested,  no  matter  what  their  length  may 
be,  the  measurement  required  can  be  obtained  in  the 
following  manner :  First  ascertain  the  joint  resistance 
of  the  line  under  test  which  we  will  call  A,  and  one 
of  the  other  two  borrowed  wires  which  we  will 
designate  B,  when  joined  together  at  their  distant 
ends.  Then  measure  the  resistance  of  A  and  the 
third  wire  C,  joined  together  in  a  similar  manner,  and 
also  of  B  and  C.  Add  the  results  obtained  from  these 
three  tests  together,  and  after  deducting  the  resist- 
ance of  any  leads  that  may  be  used,  divide  the  total 
by  two,  and  deduct  the  resistance  of  B  and  C,  which 
will  give  in  ohms  the  resistance  of  A.  The  resistance 
of  B  may  be  found  in  a  similar  manner  if  required  by 
deducting  the  joint  resistance  of  A  and  C,  and  the 
resistance  of  wire  C  by  deducting  the  joint  resistance 
of  A  and  B  from  the  same  figure.  If,  for  example,  the 
joint  resistance  of  A  and  B  is  700  ohms,  of  A  and  C 
650  ohms,  and  of  B  and  C  720  ohms,  their  total  resist- 
ance will  be  2,070  ohms,  and  dividing  this  by  two  will 
give  1,035.  If  from  this  last  figure  is  deducted  the 
joint  resistance  of  B  and  C,  viz.,  720  ohms,  the  re- 
mainder, 315,  will  represent  the  resistance  of  wire  A, 
and  by  deducting  the  joint  resistance  of  A  and  C  and 
A  and  B  respectively  from  the  same  figure  it  will  be 
found  that  the  resistance  of  B  is  385  ohms  and  of 
wire  C  335  ohms,  thus  : — 
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A  =  ?^9  =  1,035  -  720  =  315  ohms. 


B  =    '--  =  1,035  -  650  -  385  ohms. 

a 

9  H7O 

C  =  Z7/U  =  1,035  -  700  =  335  ohms. 

a 

LOCALIZING  FAULTS  WITH  THE  WHEATSTONE  BRIDGE. 
Faults  on  line  circuits  such  as  earths  and  short 
circuits  may  be  easily  localized  by  means  of  the 
Wheatstone  Bridge  by  making  tests  similar  to  those 
just  described.  The  position  of  a  short  circuit  caused 
by  contact  between  the  two  wires  forming  a  metallic 
circuit  may  be  at  once  found  by  making  an  ordinary 
conductivity  test,  and  dividing  the  result  by  two,  and 
this  again  by  the  resistance  per  mile  of  the  wire  :  this 
will  give  the  exact  distance  in  miles  or  fractions  of  a 
mile  of  the  fault  from  the  bridge. 

Thus,  for  example,  supposing  two  wires  forming  a 
metallic  circuit  having  a  resistance  of  44  ohms  per 
mile,  or  any  two  wires  of  the  same  resistance,  which 
form  part  of  an  underground  or  other  cable^  are  in 
contact  at  some  point  in  their  length,  and  that  on 
making  a  test  a  balance  is  obtained  when  400  ohms  is 
unplugged  in  the  E-heostat.  This  figure  divided  by 
2  will  give  200  ohms  as  being  the  total  resistance  of 
one  of  the  wires  to  the  fault  from  the  bridge.  Divid- 
ing this  figure  by  the  known  resistance  of  the  wire 
per  mile,  viz.,  44  ohms,  the  result,  4-54  miles  or  4  miles 


350  TELEPHONE  LINES.  [CHAP. 

950  yards  will  be  the  exact  distance  of  the  contact  or 
short  circuit  from  the  bridge,  for 

400         200 

—    =    «    4  miles  950   yards. 

DISCONNEXIONS  on  line  circuits  can  only  be  local- 
ized by  measuring  the  electrostatic  capacities  of  the 
two  severed  portions  respectively,  which  will  be  pro- 
portional to  their  length.  By  dividing  the  results  ob- 
tained by  the  known  capacity  of  the  wire  per  mile 
the  approximate  distance  of  the  fault  will  be  obtained. 
EARTHS. — The  point  at  which  a  line  wire  is  making 
contact  with  ll  earth "  may  be  easily  located  pro- 
viding the  earth  is  a  perfect  one  or  a  "  dead  earth," 
as  it  is  technically  termed,  by  making  a  conducti- 
vity test,  the  connexions  to  the  bridge  being  ex- 
actly the  same  as  when  testing  an  earth  circuit, 
but  the  line  under  test  must  be  left  free  at  the 
distant  end. 

As  already  pointed  out,  however,  in  a  previous 
paragraph,  when  explaining  the  method  of  testing 
an  earth  circuit,  the  earth  always  offers  a  certain 
amount  of  resistance,  and  tests  made  in  the  foregoing 
manner  cannot  therefore  in  consequence  be  relied 
upon ;  it  is  therefore  better  to  employ  what  is  known 
as  the  "  loop  test "  for  localizing  an  earth  fault,  which 
is  carried  out  in  the  following  manner  I—- 
THE LOOP  TEST.  If  the  fault  to  be  located  is  on  a 
single-wire  circuit  the  use  of  a  second  wire  must  be  ob- 
tained and  joined  to  it  at  the  distant  end,  and  the  resist- 
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ance  of  the  loop  thus  formed  ascertained.     The  connex- 
ions to  the  bridge  must  be  exactly  the  same  as  when  mak- 


Fig.  246. 

ing  an  ordinary  conductivity  test,  but  the  faulty  wire 
should  be  joined  to  the  Rheostat  and  battery  as  shown  in 
Fig.  246  ;  then  disconnect  the  battery  from  the  end  of 
the  Rheostat  and  put  it  to  earth,  as  in  Fig.  247,  and 
make  a  second  test,  and  deduct  the  result  obtained 
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Fig.  247. 


from  that  obtained  in  the  first  test,  and  divide  by  two. 
This  will  give  the  total  resistance  to  the  fault  if  even 
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ratios  are  used.  By  dividing  this  result  by  the  resist- 
ance of  the  faulty  wire  per  mile,  the  exact  distance 
from  the  bridge  to  the  fault  will  be  found.  If,  for 
example,  the  resistance  of  the  faulty  wire,  which  we 
will  call  A,  and  of  the  second  wire,  which  we  will 
designate  B,  when  looped  together,  is  300  ohms,  and 
that  the  result  obtained  in  the  second  test  with  the 
battery  earthed  is  120  ohms,  the  difference  will  be 
180  ohms.  This  divided  by  2  will  give  90  ohms, 
which  will  represent  the  total  resistance  to  the  fault. 


Fig.  248. 

Assuming  the  resistance  of  the  wire  per  mile  to  be 
12  ohms,  then  the  exact  distance  of  the  fault  from 
the  bridge  will  be  7*5  miles,  or  exactly  seven  miles 
and  a  half,  for 

300-120          90 
—  -          7-5  miles. 

INSULATION  RESISTANCE  MEASUREMENT.  The  mea- 
surement of  insulation  resistance  is  made  in  an 
entirely  different  manner  to  that  of  conductors,  if  the 
insulation  to  be  measured  is  a  high  one  ;  but  if  it  is  a 
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low  one,  it  may  be  measured  by  means  of  the  Wheat- 
stone  Bridge  up  to  the  range  of  that  instrument.  The 
method  of  making  an  insulation  test  with  the  bridge 
is  exactly  the  same  as  when  testing  the  resistance  of  a 
conductor.  The  distant  end  of  the  line  must,  how- 
ever, be  left  free  and  the  battery  earthed,  as  in  Fig, 
248,  and  a  large  battery  should  be  used.  It  will  gener- 
ally be  found  necessary  when  making  this  test  with 
the  bridge,  to  use  resistances  of  10  ohms  in  the  left 
hand  and  1,000  or  10,000  ohms  in  the  right  hand 
ratio  arms. 

If  the  insulation  resistance  to  be  measured  cannot 
be  compassed  within  the  range  of  a  Wheatstone  bridge, 
it  is  technically  termed  a  dielectric  resistance.  The 
insulation  resistance  of  a  line  circuit  is  the  resistance 
offered  by  the  dielectric  or  insulating  media  employed 
in  order  to  keep  the  conductors  from  coming  in  con- 
tact with  the  earth  or  some  other  contiguous  conduc- 
tor, as,  for  example,  the  insulators  supporting  an  over- 
head circuit  or  the  paper  in  a  dry  core  cable.  Insula- 
tion resistance  is  generally  calculated  in  megohms  per 
mile,  a  megohm,  as  already  stated,  being  one  million 
ohms. 

To  obtain  the  insulation  resistance  per  mile  of  a 
line  circuit,  the  total  resistance  must  be  multiplied 
by  its  length  in  miles.  Thus,  supposing  the  total  in- 
sulation resistance  of  a  line  five  miles  in  length  to  be 
4  megohms,  its  insulation  resistance  per  mile  would  be 
20  megohms.  The  longer  a  line  wire  is  the  less  will 
its  total  insulation  resistance  be,  as  the  number  of 

A  A 
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possible  shunts  or  leaks  to  earth  increase  with  its 
length ;  the  fewer  such  sources  of  leakage  there  are, 
therefore,  the  higher  will  the  insulation  of  the  line  be. 
Such  being  the  case,  it  is  obvious  that  the  insulation 
resistance  of  a  line  half  a  mile  in  length  will  be 
twice  as  high  as  that  of  a  line  of  double  that  length, 
as  it  will  be  supported  by  only  half  the  number  of  in- 
sulators. This  short  explanation  will  enable  the  reader 
to  understand  why  it  is  necessary  is  multiply  the  total 
insulation  resistance  of  a  line  by  its  mileage,  in  order 
to  obtain  its  resistance  per  mile,  instead  of  dividing 
it,  as  in  the  case  of  calculating  the  resistance  per 
mile  of  a  conductor. 

The  measurement  of  very  high  insulation  resistances 
outside  the  range  of  a  Wheatstone  Bridge  requires 
the  use  of  a  galvanometer  of  extreme  sensitiveness,  and 
one  form  or  other  of  the  reflecting  type  is  usually  em- 
ployed for  this  purpose  in  conjunction  with  certain 
other  auxiliary  apparatus,  a  brief  description  of  which 
is  necessary  in  order  that  the  reader  may  be  able  to 
understand  the  method  of  using  them. 

THE  REFLECTING  GALVANOMETER.  There  are  two 
types  of  reflecting  galvanometers  in  general  use  for 
making  insulation  resistance  and  capacity  measure- 
ments, viz.,  the  "Thomson  "  and  the  "  D'Arsonval,"  in 
which  the  movements  of  a  needle  are  indicated  on  a 
scale  in  the  form  of  a  disc  of  light  reflected  from  a 
small  mirror. 

Both  types  of  instrument  are  made  in  various  forms 
to  suit  certain  requirements. 
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In  the  Thomson  galvanometer  the  mirror  is  sus- 
pended by  means  of  a  silk  or  fibre  thread  between  two 
or  more  coils  of  silk-covered  wire,  and  to  the  back  of 
the  mirror  is  fastened  several  small  bar  magnets  laid 
side  by  side  with  their  opposite  poles  together. 


Fig.  249. 

Attached  to  the  thread  also  is  a  small  vane,  to  the  back 
of  which  another  set  of  magnets  is  fixed,  the  object 
served  by  the  vane  being  to  damp  the  movements  of 
the  mirror  and  so  prevent  its  oscillating  too  freely. 

On  a  current  being  sent  through  the  coils  surround- 
ing this  suspended  system  the  mirror  is  deflected  from 
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its  normal  position  and  a  beam  of  light  from  a  lamp 
thrown  on  to  it  is  reflected  on  to  a  scale,  over  which  it 
travels  from  right  to  left  or  vice  versa  according  to 
which  way  the  mirror  turns.  This  disc  of  light  thus 
serves  as  an  elongated  pointer  which  moves  in  unison 
with  the  very  slightest  movement  of  the  mirror.  The 
beam  of  light  is  thrown  on  to  the  mirror  from  a 


Fig.  250. 

lamp,  through   an  opening  in  the  centre  of  a  frame 
upon  which  a  scale  is  marked. 

Fig.  249  illustrates  one  well-known  form  of  Thom- 
son galvanometer  manufactured  by  Messrs.  Nalder 
Brothers,  and  Fig.  250  shows  the  way  in  which  the 
scale  and  lamp  are  arranged  for  use  with  it.  Owing 
to  its  extreme  sensitiveness  and  to  the  delicacy  of  its 
adjustment,  the  Thomson  galvanometer  is  unsuitable 
for  use  for  general  testing  purposes,  and  also  because 
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it  is  so  easily  affected  by  outside  magnetic  influences  ; 
but  for  making  the  most  delicate  tests,  under  favour- 
able conditions,  it  is  not  equalled  by  any  other  type. 
For  use  under  all  ordinary  conditions  the  best  typs 
of  reflecting  galvanometer  to  employ  is  the  "D'Arson- 
val," which  is  more  adapted  for  practical  electrical 
engineering  requirements,  it  being  less  delicately  con- 


Fig.;251. 

structed  than  the  "  Thomson,"  and  is  altogether  unaf- 
fected by  external  influences  of  any  kind. 

In  the  "  D'Arsonval "  galvanometer  the  needle 
takes  the  form  of  a  coil  of  wire  instead  of  permanent 
magnets,  the  resistance  of  the  coil  varying  in  differ- 
ent forms  of  instrument  from  10  to  1,000  ohms. 

One  well-known  form  of  "D'Arsonval  "  galvano- 
meter made  by  Messrs.  Elliott  Bros,  is  illustrated  in 
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Fig.  251,  in  which  the  coil  carrying  a  small  mirror  is 
suspended  above  and  below,  by  means  of  fine  phosphor 
bronze  strip,  between  the  poles  of  a  powerful  magnet 
mounted  vertically  on  a  mahogany  base,  which  is  pro- 
vided with  levelling  screws.  The  whole  apparatus  is 
covered  in  with  a  cylindrical  brass  case,  also  shown  in 
the  illustration. 

SHUNTS.  "When  the  resistance  which  is  being  mea- 
sured is  so  low  that  the  current  sent  through  the  gal- 
vanometer coils  surrounding  the  needle  deflects  it  to 
such  an  extent  as  to  cause  the  disc  of  light  to  go  off 
the  scale,  it  is  necessary  to  use  some  means  of  limiting 
its  excursions  in  order  to  obtain  a  reading,  and  this 
is  effected  by  using  certain  resistances,  technically 
known  as  shunts,  which  can  be  joined  up  in  parallel 
with  the  galvanometer,  the  result  being  that  instead 
of  the  whole  of  the  current  passing  through  the  gal- 
vanometer, a  portion  only  of  it  will  do  so,  the  remain- 
der passing  through  the  shunt  instead,  thus  reducing 
the  deflections  of  the  needle  correspondingly.  As  the 
resistance  of  the  galvanometer  and  of  the  shunts  used 
with  it  is  known,  it  is  an  easy  matter  to  calculate 
how  much  current  passes  through  each  of  them. 

Three  different  shunts  are  commonly  employed, 
having  respectively  resistances  of  ^  Jg,  and  ^  that  of 
the  galvanometer.  When  bridged  across  the  terminals 
of  the  galvanometer  the  current  passing  through  it 
is  reduced  to  the  -^,  -*0,  or  —^  part  of  that  flowing 
from  the  battery,  as  the  case  may  be.  The  true  reading 
of  the  galvanometer  is  obtained,  when  a  shunt  is  used, 
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by  multiplying  the  actual  reading  on  the  scale  by 
the  joint  resistance  of  the  galvanometer  and  shunt 
divided  by  the  latter,  which  fractions  may  be  briefly 

expressed   thus  : g—      the   result  being     usually 

termed  the  multiplying  power  of  the  shunt.  If,  for 
example,  the  actual  reading  obtained  on  the  scale 
when  the  ±  shunt  is  used  is  8  divisions,  the  true 
reading  would  be  800  divisions. 


Fig.  252.  Fig.  253. 

Fig.  252  illustrates  an  ordinary  form  of  shunt  box. 
It  consists  of  three  coils  of  wire  fitted  in  a  cylindrical 
brass  case,  standing  on  an  ebonite  base,  its  top  being 
closed  in  by  a  slab  of  similar  material.  Upon  this 
slab  is  mounted  several  brass  blocks  and  two  binding 
posts. 

The  various  resistances  are  brought  into  circuit  by 
inserting  plugs  similar  to  those  used  with  the  Wheat- 
stone  Bridge,  between  the  blocks,  in  holes  bored  in 
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their  sides  for  this  purpose.  Another  form  of  shunt 
box  used  by  the  British  Post  Office  Telegraph  Depart- 
ment, of  rectangular  shape,  is  shown  in  Fig.  253,  in 
which  the  spaces  between  the  brass  connecting  blocks 
are  filled  in  with  ebonite,  with  the  object  of  prevent- 
ing the  accumulation  of  dust  between  them. 

SHORT  CIRCUITING  KEY.  This  is  used  for  the 
purpose  of  conveniently  short  circuiting  a  sensitive 
galvanometer,  and  is  a  very  useful  and  necessary 
adjunct  to  an  electrical  testing  equipment.  It  consists 


Fig.  254. 

simply  of  a  flat  brass  spring  fastened  at  one  end  to  an 
insulating  base.  Across  the  centre  of  the  spring  is  a 
brass  bridge  piece  carrying  a  platinum  pointed  con- 
tact screw  against  which  the  spring  normally  presses. 
The  free  end  of  the  latter  is  provided  with  an  ebonite 
finger  piece  for  use  in  depressing  it  on  to  an  insulating 
stud,  in  which  position  it  can  be  held  if  required  by 
means  of  a  revolving  catch  made  of  ebonite.  Termi- 
nals are  provided  on  the  fixed  end  of  the  spring  and 
on  the  bridge  piece  for  connecting  the  key  to  the 
other  apparatus  with  which  it  is  being  used,  as  shown 
in  Fig.  254. 
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PLUG   SWITCH.     For    convenience   in    altering   the 
connecting  wires  between  the  keys  and  standards  of 


Fig.  254A. 

capacity  and  insulation  resistance  a  plug  switch  after 
the  pattern  shown  in  Fig.  25-iA  usually  forms  part  of 
a  testing  set. 

REVERSING  KEY.     This  is  used  for  the  purpose  of 
conveniently  reversing  the  poles  of  a  battery,  and  is 


;     -1 


Fig.  255. 

made  in  many  forms,  one  of  which  is  illustrated  in 
Fig.   255.     This   apparatus   is  of   somewhat   similar 
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construction,  but  in  duplicate,  to  the  short  circuit  key 
just  described,  the  springs  however  and  other  parts 
being  mounted  on  high  insulating  pillars  to  insure 
good  insulation.  A  combined  short  circuit  and  re- 
versing key  is  often  used  instead  of  separate  keys. 

EYMEE  JONES'  DISCHAKGE  AND  BEVEKSING  SWITCH 
(Fig.  256).  This  is  another  form  of  battery  reversing 
switch  which  is  also  used  as  a  discharging  key  when 
making  tests  for  capacity  and  insulation  resistance. 


Fig.  256. 

All  the  contacts  in  this  form  of  switch  are  rubbing 
ones,  which  is  a  decided  advantage  over  keys  depend- 
ing entirely  upon  pressure  between  the  contact  points 
for  obtaining  continuity  of  connexion. 

MEGOHM.  This  is  used  as  a  standard  with  which  to 
compare  Insulation  Resistances.  It  is  usually  made  up 
in  the  form  shown  in  Fig.  256 A,  which  represents  a 
box  containing  a  coil  of  wire  wound  to  a  resistance  of 
one-tenth  of  a  megohm,  which  fraction  is  commonly 
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employed,  as  it  is  more  portable  and  convenient  to 
use  and  less  costly  than  would  be  a  box  containing 
coils  wound  to  a  resistance  of  a  full  megohm. 

CONDENSER. — This  is  used  as  a  standard  of  com- 
parison in  making  capacity  tests.  It  consists  of  a 
large  number  of  sheets  of  tinfoil,  separated  from  each 
other  by  sheets  of  paraffined  paper  or  mica,  the  whole 
being  usually  enclosed  in  a  round  brass  case  mounted 


Fig.  256A.  Fig.  256s. 

on  an  ebonite  slab,  and  having  a  lid  of  the  same 
material,  as  shown  in  Fig.  256fi.  On  the  lid  is  fixed 
two  binding  posts  attached  to  brass  blocks.  To  the 
binding  posts  are  joined  the  sheets  of  tinfoil,  half  of 
these  being  connected  to  each  post,  and  they  are 
joined  together  by  means  of  a  brass  plug  inserted  in 
a  hole  formed  at  the  ends  of  the  two  blocks.  When 
the  condenser  is  not  being  used  in  making  tests  the 
brass  plug  should  always  be  kept  in  position.  When 
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in  use  care  should  always  be  taken  to  see  that  the 
ebonite  between  the  contact  blocks  is  quite  free  from 
moisture,  dust,  or  other  foreign  substance. 

The  method  usually  adopted  for  measuring  di- 
electric or  insulation  resistance  is  to  compare  the 
deflection  obtained  on  a  scale  when  a  certain  current 
is  sent  through  a  galvanometer  and  a  known  resist- 
ance, with  the  deflection  obtained,  when  using  the  same 
battery  power,  when  the  known  resistance  is  replaced 
with  the  conductor,  the  insulation  resistance  of  which 
is  required  to  be  measured.  The  standard  of  com- 


y. 


Fig.  257. 

parison  is  the  deflection  obtained  through  a  resistance 
of  one  megohm,  which  is  then  termed  the  ll  constant  " 
of  the  galvanometer.  The  method  of  obtaining  this 
"  constant  "  will  be  easily  understood  on  referring  to 
the  accompanying  diagram,  Fig.  257,  in  which  G 
represents  a  reflecting  galvanometer,  S  a  —  shunt,  R 
a  standard  resistance  of  ~  of  a  megohm,  and  B  a 
battery  of  100  cells. 

Assuming  by  way  of  example  that  when  these  con- 
nexions are  made  the  deflection  obtained  on  the  scale 
is  250  degrees,  to  find  the  constant  this  number  must 
be  first  multiplied  by  the  multiplying  power  of  the 
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shunt,  i.e.  by  1000,  for  it  is  obvious  that  without  the 
shunt  the  deflection  obtained  would  be  one  thousand 
times  250  degrees,  as  the  whole  of  the  current  would 
then  pass  through  the  galvanometer.  By  multiply- 
ing 250  by  1000  we  obtain  250,000  ;  but  as  the 
deflection  required  is  that  which  would  be  obtained 
through  a  standard  resistance  of  one  megohm,  and  as 
a  resistance  of  ^  that  value  only  is  being  used,  we 
must  again  multiply  this  figure  by  ^  in  order  to 
obtain  the  working  constant,  which  would  in  this 
case  therefore  be  25,000  divisions  on  the  scale,  for 

250    x   1000   :      25^)QQQ  =  25,000. 

The  constant  obtained  when  a  Thomson  galvano- 
meter is  used  is  generally  higher  than  that  obtained 
with  a  D'Arsonval  owing  to  its  greater  sensitiveness. 

Having  obtained  the  constant  in  this  way,  the  cable 
or  other  conductor,  the  insulation  resistance  of  which 
it  is  required  to  measure,  must  be  substituted  in  the 
circuit  for  the  known  resistance,  the  far  end  of  the 
conductor  being  left  free,  and  one  pole  of  the  battery 
connected  to'earth.  In  addition  to  the  shunt  across 
the  galvanometer  terminals  a  short  circuiting  key 
should  also  be  joined  in  parallel  with  it. 

The  object  of  this  key  is  to  .  short  circuit  the 
galvanometer  so  that  the  conductor  under  test  will 
then  receive  the  full  charge  from  the  battery  directly 
the  latter  is  switched  into  circuit.  The  short  circuit- 
ing of  the  galvanometer  by  this  key  also  prevents 
the  needle  being  injured  by  being  too  violently  moved, 
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which  would  result  if  a  sudden  heavy  rush  of  current 
was  allowed  to  pass  through  its  coils.  Fig.  258  shows 
diagrammatically  the  manner  in  which  these  con- 
nexions are  made — G  being  a  galvanometer,  S  a  shunt, 
K  a  short  circuit  key,  and  B  a  battery,  while  C  is  the 
conductor  under  test,  which  it  is  assumed  is  one  in 
a  cable. 

To  make  the  test,  proceed  as  follows : — First  short 
circuit  the  galvanometer  with  key  K  bridged  across 
its  terminals,  then  complete  the  battery  circuit, 
and  allow  the  full  charge  from  the  latter  to  rush 
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into  the  cable,  a  suitable  switch  being  inserted  for 
this  purpose.  After  an  interval  of  one  minute,  open 
K,  when  the  galvanometer  will  be  brought  into 
circuit  ;  note  the  number  of  divisions  over  which 
the  spot  of  light  travels  on  the  scale  and  divide 
the  constant  deflection  by  this  number,  which  will 
give  as  a  result  the  total  insulation  resistance  of 
the  wire  under  test  in  megohms.  To  obtain  the 
insulation  resistance  of  the  wire  per  mile,  multiply 
this  total  by  its  length.  If,  for  example,  the  constant 
deflection  is  25,000  and  that  obtained  by  the  dis- 
charge from  the  cable  is  50  divisions  on  the  scale 
after  allowing  for  the  shunt  being  used,  the  total 
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insulation  resistance  of  the  wire  under  test  would  be 
500  megohms,  and  supposing  its  length  to  be  two 
miles,  its  insulation  resistance  per  mile  would  be  1000 
megohms,  for 

251QQQ   =   500    x    2   =   1000. 
50 

When  testing  the  insulation  resistance  of  a  cable,  it 
will  be  noticed  that  the  number  of  scale  divisions  over 
which  the  disc  of  light  reflected  from  the  galvanometer 
mirror  travels,  will  gradually  decrease  from  that  first 
attained  when  the  short  circuiting  key  is  opened 
after  the  cable  wire  has  been  charged.  The  drop  will 
at  first  be  a  sharp  one  and  then  become  gradual  until 
a  point  is  reached  when  no  further  diminution  be- 
comes noticeable.  This  is  due  to  what  is  technically 
termed  "  electrification,"  which  is  a  phenomenon  not 
yet  quite  understood.  When  the  cable  under  test  is 
being  charged  a  small  portion  of  the  current  appa- 
rently soaks  into,  or  is  absorbed  by,  the  media  used 
to  insulate  one  wire  from  another  and  from  the  earth. 
This  allows  the  conductor  to  which  the  battery  is 
directly  connected  to  become  charged  with  a  larger 
portion  of  the  current  than  would  otherwise  be  the 
case.  After  the  first  rush  of  current  into  the  cable  it 
will  still  continue  to  flow  owing  to  this  electrification 
of  the  insulating  media,  and  partly  to  leakage 
through  it  to  earth.  It  is  therefore  necessary  to 
wait  a  certain  time  until  the  cable  is  fully  charged 
before  taking  the  scale  reading,  as  it  is  the  measure  of 
the  leak  current  only  that  is  required. 
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Great  care  should  always  be  exercised  when  making 
an  insulation  test  of  a  cable  to  see  that  the  conductor 
directly  connected  to  the  testing  apparatus  does  not 
come  in  contact  with  the  earth,  even  to  the  slightest 
extent,  at  any  part  of  its  length.  Surface  leakage 
between  the  ends  of  other  conductors  in  the  cable  and 
that  under  test  must  be  carefully  guarded  against  by 
thoroughly  cleaning  and  drying  these  ends.  If  the 
wires  are  insulated  with  rubber,  the  ends  of  the 
rubber  should  be  scraped  so  as  to  expose  a  clean  dry 
surface  to  the  atmosphere.  All  wires  except  the  one 
under  test  should  be  connected  to  earth,  and  also  the 
sheathing  if  it  is  a  lead-covered  cable. 

CAPACITY  MEASUREMENT.  As  already  mentioned, 
one  of  the  most  important  properties  possessed  more 
or  less  by  all  telephone  or  other  line  circuits  is  that 
of  retaining  or  storing  up  a  certain  amount  of  any 
current  with  which  they  may  have  been  charged. 
This  property,  termed  electrostatic  capacity,  is  one  of 
the  principal  factors  which  must  be  taken  into  ac- 
count when  determining  the  electrical  efficiency  of  a 
telephone  wire. 

What  is  known  as  the  direct  deflection  method  is 
that  usually  employed  for  measuring  capacity.  This 
consists  in  comparing  the  deflection  obtained  on  a 
scale  when  a  known  current  is  suddenly  discharged 
through  a  galvanometer  from  the  cable  or  other  con- 
ductor under  test,  with  that  obtained  by  the  discharge 
from  a  condenser  of  known  capacity  charged  with  the 
same  current.  The  deflections  obtained  will  be  pro- 
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portional  to  the  charges  and  consequently  to  the 
capacities  of  the  cable  or  other  wire  under  test  and 
the  condenser  respectively.  Fig.  259  shows  the 


WJ 
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Fig.  259. 

method  of  obtaining  the  discharge  deflection  from  the 
standard  condenser  which  is  known  as  the  capacity 
constant,  G  being  a  reflecting  galvanometer,  C  a 
standard  condenser,  B  a  battery,  and  K  a  discharging 
key. 

When  K  is  depressed  a  current  flows  from  the 
battery  into  the  condenser  which  is  then  suddenly 
discharged  through  the  galvanometer  by  raising  K. 
Exactly  similar  connexions  are  made  when  obtaining 
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Fig.  260. 

the  discharge  deflection  from  the  cable  or  other  con- 
ductor under  test,  the  latter  being  simply  substituted 
for  the  condenser  as  shown  in  Fig.  260. 

B    B 
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The  standard  practical  unit  of  capacity,  as  already 
stated  in  a  previous  chapter,  is  the  microfarad,  but 
the  capacity  of  condensers  usually  employed  in 
practical  testing  work  is  usually  one-third  or  one-half 
of  this  value.  In  order  to  obtain  a  reading  on  the 
scale  it  will  generally  be  found  necessary  to  use  a  shunt 
with  the  galvanometer ;  one  having  a  multiplying 
power  of  10  will  usually  be  found  sufficient.  When 
this  is  the  case  the  discharge  deflections  from  the  con- 
denser and  conductor  under  test  respectively  must  of 
course  be  multiplied  by  the  shunt,  and,  assuming  the 
capacity  of  the  condenser  to  be  one-third  microfarad, 
by  three  also  in  taking  the  constant,  to  obtain  the 
true  deflection,  or  the  deflections  that  would  be 
obtained  if  no  shunt  was  used,  and  if  a  condenser  of 
one  microfarad  capacity  was  employed  instead  of  one 
having  one-third  only  of  that  value. 

If,  for  example,  in  taking  the  constant  a  deflection 
of  100  divisions  is  obtained  on  the  scale  by  discharge 
from  a  condenser  of  one-third  microfarad  capacity,  the 
galvanometer  having  the  i  shunt  across  its  terminals, 
the  constant  would  be  3000,  for 

100x10x3-3000 

To  obtain  the  total  capacity  of  the  cable  or  other 
wire  under  test  the  deflection  obtained  by  the  dis- 
charge from  it  must  be  divided  by  the  constant,  and 
dividing  this  result  again  by  the  mileage  of  the  wire 
will  give  its  capacity  per  mile. 

Assuming,  for  example,  that  the  constant  obtained 
by  discharge  from  a  condenser  of  one-third  microfarad 
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capacity  is  3000,  and  that  the  deflection  obtained  by 
discharge  from  the  cable  or  other  wire  under  test  is 


t,. ««. 


Fig.  261. 

800  divisions  on  the  scale,  the  capacity  of  the  wire  per 
mile  if  2  miles  long  would  be 
800       -206 


30UU  ~      2 


=  *103  microfarads. 
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A  convenient  method  of  connecting  up  instruments 
similar  to  those  already  described  for  practical  testing- 
work  is  shown  in  Fig.  261,  in  which  it  will  be  seen 
that  two  B-ymer  Jones'  sets  of  keys  are  employed,  and 
a  combined  short  circuit  and  reversion  switch,  and  a 
shunt  box  of  the  universal  type. 

Capacity  tests  should  always  be  made  before  testing- 
insulation  resistance  in  order  that  the  wire  under  test 
may  be  free  from  any  residual  charge  from  the  large 
battery. 

When  testing  the  capacity  of  a  cable,  all  wires 
except  that  joined  to  the  instruments  should  be  con- 
nected to  earth,  and  also  the  protecting  sheathing  if 
it  is  made  of  metal.  The  battery  used  must  be  a 
small  one  of  two  or  three  cells  only. 

THE  SILVERTOWN  COMBINATION  TESTING  SET.  For 
general  testing  purposes  in  which  the  use  of  a  reflect- 
ing galvanometer  is  not  essential,  the  combination 
testing  set  illustrated  in  Fig.  262  is  very  extensively 
used  in  all  branches  of  electrical  engineering  work. 

It  consists  of  a  small  Wheatstone  Bridge,  its 
variable  arm  having  two  sets  of  9  coils  each,  made  up 
in  dial  form,  one  set  having  a  resistance  of  1  ohm  in 
each  coil,  and  the  other  set  10  ohms  in  each  coil, 
while  the  ratio  arms  have  two  sets  of  resistance  coils 
set  in  a  straight  line  of  10,  100.  and  1000  ohms 
respectively.  Fitted  in  the  same  containing  box  as 
the  bridge  is  a  set  of  3  shunts,  a  horizontally  pivoted 
sensitive  galvanometer  fixed  in  a  brass  case,  and  a 
special  coil  of  50,000  ohms  resistance  for  use  in  taking 
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the  constant  when  making  insulation  resistance  tests. 
A  key  for  bringing  the  galvanometer  into  circuit  is 
also  provided,  and  suitable  terminals  for  connecting 
the  line  and  earth  wires  to  the  instrument.  Connex- 


Fig.  2»>2. 

ion  with  the  battery  is  made  by  means  of  small  brass 
plugs  connected  to  flexible  covered  wires,  these  plugs 
being  inserted  into  sockets  connected  with  the  centre 
of  the  proportional  arms,  and  the  end  of  the  variable 
arm  respectively.  Sunk  in  the  left  side  of  the  box  is 
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a  small  controlling  magnet  for  the  galvanometer. 
When  the  N  pole  of  this  magnet  is  uppermost  the 
galvanometer  will  be  most  sensitive. 

The  whole  of  this  apparatus  except  the  magnet  is 
mounted  on  an  ebonite  slab  fitted  into  the  upper  por- 


Fig.  263. 

tion  of  a  strong  polished  wood  box,  having  a  lined 
and  padded  lid.  This  lid  is  of  sufficient  depth  to 
allow  of  its  closing  over  the  apparatus.  In  closing, 
the  galvanometer  needle  is  lifted  off  its  pivot,  thus 
saving  it  from  being  injured  should  the  box  get 
roughly  shaken  when  being  carried  about. 
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Fig.  263  is  a  diagram  showing  the  general  arrange- 
ment of  the  apparatus  and  its  connexions  in  detail. 

Both  conductor  and  insulation  resistance  tests  of  all 
kinds  can  be  readily  made  with  this  apparatus.  A 
battery  of  39  small  dry  cells  of  the  Leclanche  type, 
having  an  E.M.F.  of  55  volts,  is  generally  supplied  by 
the  makers  with  this  testing  set.  The  parts  of  the 


Fig.  264. 

apparatus  which  are  brought  into  use  in  making  con- 
ductor resistance  tests  are  shown  in  Fig.  264. 

The  two  line  wires,  or  line  and  earth  wire  as  the 
case   may   be,   are  joined   to   the    terminals   marked 
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11  Bridge  Terminals,"  and  the  battery  is  connected  by 
inserting  the  plugs  attached  to  the  flexible  covered 
wires,  in  the  holes  marked  "  Bridge." 

These  connexions  being  made,  a  balance  is  obtained 
in  the  usual  manner  as  already  described  in  a  previous 
paragraph. 

The  makers  of  this  set,  the  India-rubber,  Gutta- 
percha,  and  Telegraph  Works  Co.,  Ltd.,  of  Silvertown, 
advise  that  the  proportional  arms  should  be  set  for 
measuring  various  resistances  in  the  following  man- 
ner, if  the  value  of  the  resistance  to  be  measured  is 
approximately  known  : 

Left  hand    Eight  hand 
ratio  arm.      ratio  arm. 

For  resistances  between  1  and  10  ohms  100  10 

10  and  100  ohms  100  100 

„  „         100  and  1000  ohms      100  1000 

Measurements  from  -01  to  9900  ohms  can  be  made 
by  varying  the  ratio  of  the  proportional  coils. 
Infinity  is  obtained  by  leaving  either  one  of  the  plugs 
out  of  the  adjustable  arm. 

The  battery  should  be  in  circuit  for  as  short  a  time 
as  possible,  to  avoid  running  down  the  cells,  and  it  is 
as  well  to  take  out  one  of  the  battery  lead  plugs  when 
any  alterations  are  being  made  in  the  plug  commuta- 
tors, only  replacing  it  just  before  pressing  the  galvano- 
meter key. 

Care  should  be  taken  to  connect  the  conductors  to 
be  tested  very  securely  to  the  bridge  terminals. 
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The  method  of  making  insulation  resistance  tests 
is  as  follows: — 

The  cable  or  other  wire  to  be  tested  is  attached  to 
the  terminal  at  the  top  of  the  box  marked  "Ins,"  and 
an  earth  wire  to  the  terminal  marked  "  earth."  The 
battery  of  39  cells  is  then  brought  into  circuit  by 
plugging  into  the  holes  marked  "  Ins,"  at  the  top 
right  hand  side  of  the  box.  Before  the  line  wire  is 
connected  to  its  terminal,  however,  the  "  constant  "  of 
the  galvanometer  must  be  obtained.  This  is  done  by 
inserting  a  plug  in  the  brass  connecting  block  at  the 
top  left-hand  corner,  marked  "  50,000  ohms,"  and  an- 
other plug  in  the  shunt  block  marked  "  20,"  and  connect- 
ing up  the  battery,  when  the  galvanometer  needle  will 
move  over  a  certain  number  of  divisions  on  the  scale. 
The  total  number  of  divisions  over  which  it  moves 
will  be  the  constant  required,  being  equivalent  to  the 
deflection  that  would  be  produced  by  the  battery 
current  through  a  resistance  of  one  megohm. 

Having  obtained  the  constant  in  this  manner,  the  plug 
is  withdrawn  from  the  block  marked  "  50,000  ohms  " 
and  reinserted  in  that  marked  "  Ins  "  next  to  it,  and 
the  wire  under  test  attached  to  its  terminal.  The 
battery  is  then  again  brought  into  circuit,  and  the 
number  of  divisions  over  which  the  needle  passes 
noted.  If  no  movement  of  the  needle  takes  place  at 
all,  it  will  indicate  that  the  insulation  resistance  is  so 
high  that  the  instrument  cannot  measure  it,  it  being 
beyond  its  range.  If  however  a  reading  is  obtained 
on  the  scale,  the  insulation  resistance  in  megohms  of 
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the  line  under  test  will  be  found  by  dividing  the  con- 
stant by  it,  and  this  result  multiplied  by  the  mileage 
will  give  the  insulation  resistance  in  megohms  per 
mile. 

When  the  insulation  resistance  of  the  wire  under 
test  is  very  low  it  may  be  found  necessary  to  use  one 
of  the  three  shunts  in  order  to  obtain  a  reading  on  the 
scale,  and  when  this  is  the  case  the  actual  number  of 
scale  divisions  over  which  the  needle  is  deflected  must, 
of  course,  be  multiplied  by  the  shunt  in  order  to 
obtain  the  true  reading. 

Supposing,  for  example,  that  the  constant  represents 
a  deflection  of  20  divisions  on  the  scale,  and  that  the 
deflection  obtained  when  the  wire  under  test  is  con- 
nected is  2  divisions,  and  that  the  length  of  the  line  is 
3  miles,  the  insulation  per  mile  would  be 

20 

~  =  10  x  3  =  30  megohms. 

The  parts  of  the  Silvertown  set  required  for 
making  insulation  resistance  tests  are  shown  in 
Fig.  265. 

Before  starting  to  test  a  dry  core  cable,  boiling 
paraffin  wax  should  be  poured  over  the  ends  of  the 
conductors  and  their  paper  insulation,  after  a  sufficient 
length  of  the  lead  sheathing  has  been  cut  off  to  enable 
the  operator  to  conveniently  handle  the  wires.  This 
will  prevent  the  intrusion  of  moisture  and  will  expel 
any  that  may  have  been  absorbed  by  the  dry  paper. 
This  should  be  done  immediately  before  testing,  and 
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perfectly  clean  wax  only  should  be  used.  If  it  is 
necessary  to  leave  the  ends  of  a  cable  in  this  condition 
for  any  length  of  time  they  should  be  wrapped  in 
waxed  tape,  and  lead  sleeves  slipped  over  them  and 
plumbed  up. 


Fig.  265. 

When  testing  a  new  cable  there  is  no  necessity  to 
test  each  wire  separately.  Much  time  will  be  saved 
by  joining  a  number  of  conductors  together.  The 
usual  practice  is  to  join  them  up  in  sets  of  ten  in  the 
following  manner : — At  the  end  of  the  cable  where 
the  test  is  being  made,  No.  1  wire  is  left  free,  but  at 
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its  distant  end  is  joined  to  No.  3  (assuming  the  first 
pair  is  numbered  1  and  2,  the  second  pair  3  and  4,  the 
third  pair  5  and  6,  and  so  on).  At  the  near  end  No.  3 
is  joined  to  No.  5,  which  latter  wire  is  connected  to 
No.  7  at  the  distant  end?  and  so  on  until  the  required 
number  of  wires  are  joined  together  to  form  one  con- 
tinuous length,  the  even  numbers  being  similarly 
dealt  with. 
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FOR  VARIOUS  SPANS. 
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-  Hoof  standards,  69,  70 
Bennett  insulator,  92 
Binding  in,  132 

-  British  P.O.  method  of,  132 

-  Helvin  method  of,  134 
"National    Telephone    Coy.'-; 

method  of,  135 

-  Other  methods  of,  135 
Bracket,.  !>,,],..  1!».  .V) 


Brackets,  Eoof,  87,  88 

-  Cable  head,  297 
Breakage  of  insulators,  nl 

-  Slates,  tiles,  etc.,  87 
Bright 's  shackles,  90 
Britannia  joint,  143 
Bronze  line  wire,  121 
Boucherising,  7 
Brunkeberg   exchange   derrick, 

75 

Burnettising,  7 

Bye-laws  regulating  running  of 
overhead  wires,  126 


Cable  distribution,  206,  210,  211 
—  Drum  wheels,  269 


-  and  trestles,  268 
-  Heads,  296 

— •  —  National  Telephone  Coy.'s 
pattern  of,  298 

-  "  Cook  "  pattern  of,  302 

—  In  test  rooms,  301 

—  Fixing  on  ground    poles. 
297 

—  on  roof  standards.  2W) 
—  Air  pressure  on,  318 

Cables  in  manholes,  position  of. 

275 
Capacitv  of  overhead  wires.  1  hi 

—  Of  cables,  182 
Cast  iron  pipes,  224 

—  Jointing,  225 

-  Laying,  226 

-  Swiss  type  of,  228 
Carbon  lightning  arresters.  148 

—  < In  test  rooms,  305 

I    Caulking  irons.  225 

j    Cement  trough  conduits.  223 
Channel  iron  arms,  78 
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Charring  and  tarring,  9 
Chloride  of  calcium,  320 
Climbing  steps,  61 
Clips  for  drawing  in  cable,  205 
Combiners,  58 
Come  along,  140 
Common  return  circuits,  159 
Combined    telephone    and   tele- 
graph circuits,  174 
Concrete  blocks,  217 

—  Advantages    and    disad- 
vantages of  using,  219 

-  Methods   of    laying    and 

jointing,  220 

-  Dimensions   and  weights 
of  (table),  222 

Condensers,  362 

Conductors  and  non-conductors. 

109 
Conduits,  214 

—  Advantages  of  using,  216 

-  Paris  system  of,  217          t 
Connectors   for    jointing   aerial 

cables,  194 

-  Mclntire,  145 

-  Li  Hie,  146 
Copper  line  wire,  114 
Cordeaux  insulator,  95 
Creosote,  5 

—  Amount  of,  absorbed  by  wood 

poles,  5 

Creosoting,  5,  6 
Cross  arming,  58 

—  Connecting,  140 

-  System  of  wiring,  106 
Cubic  contents  of  round  timber 

(tables),  14,  15 

D 

Dead  head,  25 
Depths  to  set  poles,  22 
Derrick  poles,  26 
Differential  winding  of  transla- 
tors, 178 
Distance  between  poles,  28 

—  American  practice,  28 


Distance  between  poles,  British 

practice,  28 

—  Continental  practice,  28 
Distributing  areas,  207,  211 

-  Poles  and  standards,  position 

of,  207,  272 

Double  shed  insulators,  96 
Drawing  in  cable,  202 
Draw  rods,  263 

-  Tonga,  129 

-  Vice,  130 

Drv  air,  Use  of,  310 
-  Cylinders.  320 
-  Charging,  320 

-  Testing    lead    sheathing 
and  joints  with,  317 

-  Plugs,  288 
Supply  pipe,  322 

Drying  out  manholes,  278 

-  Wet  cables  and  joints,  311 
Dry  joints,  143 

Dry  core  underground  cable,  246 

-  Paper  dielectric  of, 
250 

-  Method   of    manu- 
facturing, 251 

-  Sheathing,  252 

-  Used    by    P.O.    in 
London,  258 

-  Approximate 
weight  and  dimensions  of 
(table),  259 

Duplex  circuits,  176 

Dynamometer,  38 

—  And  ratchet,  Combined,  129 

E 

Earth  circuits,  153 
—  Connections,  153 

-  Wires  on  poles,  60 
Efficiency  of  insulators,  91 
Electrification  of  cables,  3<i7 
Electro-magnetic  inertia,  116 
Electrostatic  capacity,  115 
Estimating  cost  of  underground 

construction,  305 
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Farad.  123 

Fast  filing  arms   to  wood    polo 

:>3 

Filling  in  trenches.  '2*27 
Flea  ting  grip,  '273 
Fletcher  torch.  144 
F<>r>'  and  aft  stays.  4<i 
Fort  in  Herman  cable,  '217 
Framing     out     Avires     in    cabl< 

heads.  29} 

for  line  wires.  3<>1 


53 
Galvanometers 

Lineman's  detector.  325 
Thomson's  reflecting.  354 
TVArsonv.il  reflecting.  35-") 

<ialvaiiisiiig,  111 

Galvanised     iron    wire,  testin^ 
37 

Gallons  >tay>.  -12 

Gauge.  Standard  AVIIV.  112 

Gauges.  Avire.  112 

Gennaii  telephone  towers.  71 

-  Roof  standards.  74 
Girder-.  M7 

Girder  dip.  (is 

Grading  height  of  poles.  28 

H 

H  poles.  33 

Haulage  of  material.  2 

Hard-draAvn  copper  Avire.  Ill 

Heads.  Cable.  293,  202 

Heat  coils,  149,  300 

Height  of  w ires  from  ground.  12<i 

-  Usual,  of  AA-ood  poles.  11 
Humming  of  Avires.  14<> 

1 

Impedance  of  bell  coil.-.  !•">* 
Induced  currents,  lb'3 
—  —  Methods  of  counteract  ing 
effects  of,  164 


Insulators.  89 

-  Single  shed,  96 

-  Double  shed.  iMj 

-  Langdon's,  92 

—  Bennett's,  93 

-  Cardeaux,  95 

-  Testing,  97 

-  American  glass,  98 

-  French  and  Italian.  101 

-  Spur.  102 

-  Terminal,  103 

-  Sinclair,  104 

-  Weight  of,  105 

—  Colonial      and      Continental 

Government  standard 

types  of.   HM5.   107.  108 
Insulator  belts.  99 

-  Pins,  99 

Insulation    resistance    measure- 
ment. 364 

-    with          AVheatstone 
Bridge,  353 

Iron  arms,  62 

—  Ground  poles,  16 

-  British  P.O.  type  of,  18 
-  —   National       Telephone 

Goy.'a  type  of,  19 

-  Belgian  lattice.  19 

-  Swiss.  19 

-  Italian.  2< » 


Jointing  bars.  220 

—  Conductors  in  drv  core  cables. 
282 

-  Rubber  insulated  cable.-.  !*<> 
Joint  boxes.  291 


Ivyanising.  7 

Keys,  short  circuiting,  3<>0 
-  Reversing  and   discharging. 
361 

L 
Ladders  for  raising  poles,  34 
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Laving   and  jointing    concrete 
blocks,  220 

—  Cast  iron  pipes,  225 
—  Cement  troughs,  223 

—  Glazed       earthenware 
tiles,  229 

-  Sewell  arches,  232 
Lead  sleeves,  278 

-  Cutters,  279 
Leading  in  wire,  123 

-  Cable  into  buildings,  200 
Lengthening  wood  poles,  16 
Lightning  arresters,  147 

—  In  test  rooms,  305 
Lillie  connector,  146 
Limiting  distance  of  speech,  123 
Line  circuits,  153 

-  Stays,  46,  47 
—  Faults,  323 

-  Wire,  properties  and  dimen- 

sions of  (table),  120 

Lines  of  force,  161 

Lineman's  detector  galvanome- 
ter, 323 

-  Telephone  testing  set,  328 
Liverpool  pattern  translator,  168 
Localisation  of  faults,  331 
Loop  test,  350 


Mandril,  use  of,  219 
Manholes,  methods  of  construct- 
ing, 235 

—  Material  used  in  construct- 

ing, 135 

—  Position  and  size  of,  234 

-  P.O.  type  in  London,  236 

—  Position  of  conduits  in,  241 

-  Gas  in,  242 

—  Methods     of     expelling    gas 

from,  243 

-  Ventilating  and  draining,  241 

—  Methods  of    making   water- 

tight, 236-239 
Manhole  covers,  236 


Manilla    tail    for    drawing    in 

cable,  265 

Mcliitire  connector,  145 
Megohm,  119 
Methods    of    keeping    dry    core 

cable     joints    dry    while 

being  made,  280 
Microfarad,  123 
Micrometer  gauge,  112 

-  Method  of  using,  113 
Mil,  38 
Multiple  working  on  party  lines. 

158 


New  York — Chicago  Trunk  line. 
122 

O 

Oak  arms,  table  showing  dimen- 
sions of,  56 
Ohm,  118 
Ohm  mile,  114 
Opening  out  cables,  199 


Paris — London  Trunk  line,  122 

Party  lines,  156 

Patterson  cable,  248 

Peaking  wood  poles,  59 

Pike  poles,  24 

Planning  out  underground  sys- 
tem, 203 

Plugs,  wood,  for  spare  conduits, 
275 

Plug  switch,  361 

Plumbing  dry  core  cable  joints, 
286 

Plumbers?  joints,  Testing  287 

Poles,  wood,  5 

-  Iron,  18 
Pole  brackets,  49 

-  Holes,  21 

-  Finials,  66 

-  Hoofs,  52 

-  Setting,  21 
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Pol.-s.  ^plic-d,  16 

Posit  ion  in  Avhich  to  erect  poles, 

21 

Portable  pole  platform,  2i«» 
Pot  head  joints.  303 
Pump  logs,  -281 
Pumping    air     into     dry    core 

cables.  314 

Q 

Qualifications  of  an  efficient,  in- 
sulator, 91 

Qualities  requisite  for  telephone 
line  wires,  100 

-  for  underground  conduits 
to  possess,  215 

E 

liaising  wood  poles  with  lad- 
ders. 23 

— s  Derrick.  2»i 
-  Pike,.  J  I 
Haw  hide  slings,  197 
Ratio      arms      of     "Wheatstone 

Bridge,  333 

lu-il'-eting  galvanometers,  354 
Repeat  ers,  168 
Reversing  and  discharging  keys, 

361 
Rojw's  for  guvs  and  stavs,  27 

-  Testing,  27 
Roof  standards — 

National  Telephone  Coy. 's 

77,  82 
—  German.  74 

Swiss,  7.1 

Norwegian  and  .Swedish, 

75 

-  American,  68 

-  French,  75 

-  Stress  on,  66 

Staying  and  strutting,  83 
Running  out  open  wires,  127 

Aerial  cables,  198 

Rym<-r  Jones  switch,  362 


s 


Sags  and  stresses,  129 
8     BW  connections,  83 
Seamed  joints,  286 
Seasoning  wood  poles,  5 
Series  working  on  party   lines. 

157 
Sewell     cement     arch    conduit, 

232 

Short  circuiting  keys.  360 
Shunts,  358 
Silvertown  testing  set.  371 

Method  of  using,  375 

Slotting  poles  for  arms,  53 

Solder,  290 

Soldering  joints,  142 

Solid  ends,  266 

Specific  inductive  capacity,  is; 

Splicing  clamp.  146 

-  Wood  poles,  methods  of.  15 
Standard  wire  gauge,  112 
Stays,  forked,  44 

—  Double,  44 

—  Line.  45 

-  American  line,  46 

-  Double  side  stays,  48 

—  Fore  and  aft,  46 
with  outriggers,  48 

—  Anchoring,  41 
Stay  blocks,  41 

-  Protectors,  36 

-  Rods,  42 

—  Stubs,  43 
Staywire,  testing,  40 

-  Properties  of,  40 
Steps  on  ground  poles,  61 
Strutting  ground  poles,  31 
Strutts,  length  of,  31 

-  Method  of  fixing,  260 
Submarine  cables,  260 
Superimposed  circuits,  176 

-  Method  of  obtaining.  177 
Suspending    aerial  cables,  me- 
thods of,  195 
Swedish  torch,  144 
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Telephone  exchange  system,  154 
Terminating  open  Avires,  136,  151 

-  Single,  138 

-  Double,  138 
Terminal  arms,  56 

-  Poles,  57 
Testing,  electrical,  323 

-  for  earth  faults,  326,  351 

-  Conductivity,  326,  343 

-  Insulation  resistance,  352,  364 

-  Capacity,  368 

-  Set,  Lineman's,  328 

Test  room  testing  apparatus,  239 
Testing  copper  wire,  119 

-  Iron  wire,  37 
Translation,  168 
Translators,  168 

-  Method   of   using  on   trunk 

circuits,  170 

-  long  earth  circuits, 
171 

-  Differential,  winding  of,  179 
Trans-Oceanic  Telephony,  260 
Transposition  method  of  wiring, 

166 

Travelling  lines,  125 
Trestles  for  cable  drums,  268 
Trial  holes,  233 
Trussing  Poles,  34 
Tubular  Standards,  69 
Turning  wood  poles,  27 
Twin  poles,  35 
Twist  joint,  141 
Twist  System  of  wiring,  164 

U 
Underground  construction,  205 

-  Wayleaves,  202 

-  Cables,     attachment     to    X, 

ground  poles  of.  309 

-  Buildings,  310 

-  Conduits,  214 


Units   of   resistance    and 
city,  118,  123 


caj>a- 


Valve  escape,  for  dry  air,  315 

Van  Rysselberghe's  anti-induc- 
tion apparatus,  174 

Various  methods  of  protecting 
cables,  215 

Vulcanising,  7 

W 

Wayleaves,  overhead,  1 

-  Underground,  202 
Western  Union  joint,  141 
Wheatstone  Bridge,  principle  of. 

332 

-  P.O.  pattern  of,  336 

-  Dial,  pattern  of,  340 

-  Testing  with,  342 
Winches  for  drawing  in  cable. 

270,  271 
Wire,  telephone  line,  125 

—  Hard  drawn  copper.  114 

-  Bronze,  120 

-  Iron,  110 
Wiring,  125 
Wood  arms,  52 

—  American,  52 

National  Telephone  Cov.'s, 

55 

Wood  arm  braces,  55 
Wood  poles,  3,  5,  12 

-  American,  8 

—  —  Methods     of     preserving, 

7,  8,  10 

-  Approximate    weight    of 
creosoted,  16 

Wood  standards,  28 

Z 

Zurich  iron  columns,  19 


I-'ronie,  and  London. 


THIS  BOOK  IS  DUE  ON  THE  LAST  DATE 
STAMPED  BELOW 

AN  INITIAL  FINE  OF  25  CENTS 

WILL  BE  ASSESSED  FOR  FAILURE  TO  RETURN 
THIS  BOOK  ON  THE  DATE  DUE.  THE  PENALTY 
WILL  INCREASE  TO  SO  CENTS  ON  THE  FOURTH 
DAY  AND  TO  $1.OO  ON  THE  SEVENTH  DAY 
OVERDUE. 


FEB    281935 


LD  21-100m-8,'34 


(4  ) 


Iron  Analysis,  Arnold,  tos.  6d. 

—  and    Steel    Structures,  Twelve- 
trees,  6s.  net. 

Ironfounding,  Homer,  4^. 

Jack's  Cooking,  25. 

Laundry  Work,  2s. 

Jacobi's  Printer's  Handbook,  $s. 

Vocabulary,  35-.  6d. 

Jukes-Browne's  Geology,  2s.  6ii. 

Kapp's      Electric     Transmission     of 

Energy,  IDJ.  6d. 

Transformers,  6s. 

Kirkman's     Science     of     Railways, 

12  vols.  61.  6s.  net. 

Lamps,  Electric,  Maycock,  6s. 

Land     Measuring    Tables,    Cullycr, 
2s.  6d. 

Surveying,  Middleton,  55. 

Surveying      and      Levelling, 
Walmisley,  6^.  net. 

Landolt's  Optical  Activity  and  Chemi- 
cal Composition,  45.  6d. 

Lathes,  Homer,  2is. 

Laundry  Work,  Jack,  2s. 

Leather  Work,  Leland,  $s. 

Leland's   Wood-carving,  $s. 
-  Metal  Work,  5*. 

Leather  Work,  $s. 

Drawing  and  Designing,  2s. 

Practical  Education,  6s. 

Lens  Work,  Orford,  3*. 

Lenses,  Photographic,  Taylor,  3^.  6d. 

Light,  Sir  H.  T.  Wood,  2s.  6d. 

Lightning  Conductors,  Lodge,  15^. 

Locomotive    Appliances,     Kirkman, 
los.  6d.  net. 

Engineer,  McDonnell,  is. 

Locomotives,  Cooke,  75.  6d. 

Development,  Cooke,  2s.  6d. 

Lodge's  Lightning  Conductors,  15^. 

Loppe     and     Bouquet's      Alternate 
Currents,  los.  6d. 

Lubrication,  Wheeler. 

Lunge  and  Hurter's  Alkali   Makers' 
Handbook,  los.  6d. 

McDonnell,  How  to  become  a  Loco. 

Engineer,  is. 

Maginnis'  Atlantic  Ferry,  Js.  6d. 
—  Bricklaying,  'js.  6d. 

House  Framing,  55. 

Roof  Framing,  $s.  [2s.  bit. 

Magnetism  and  Electricity,  Ashworlh, 


Magnetism  and   Electricity,  Bottone, 

Houston,  2s.  6d.     \_2s.  6d. 

Maycock,  2s.  6d. 

Manual       Instruction,      Woodwork, 
Barter,  6s. 

Metal  Work,  Miller,  yM 

Manures,  Griffiths,  75.  6d.        [2s.  6d. 

Marine  Engineers,  advice  to,  Roberts, 

Drawing  and  Designing,  6.y. 

Drawing  Cards,  Sothern,  35.  6d. 

net. 

Electric  Lighting,  Walker,  5*. 

Questions  and  Answers,  Wan- 
nan  and  Sothern,  3^.  6d.  net. 
-  Verbal  Notes,  Sothern,  45.  6d. 

Marshall's  Cakes,  is.  [net. 

Cookery,  is. 

Martin's  Structures,  4^. 

Massee's  The  Plant  World,  2s.  &/. 

Mathematical  Tables,  Hutton,  12s. 

Mathematics,    Elementary,    Ilatton, 

May's  Ballooning,  2s.  6d.         [2s.  6d. 

Maycock's  Electricity  and  Magnetism, 
2s.  6d. 

Electric   Lighting   and      Power 

Distribution,  6s.  [2s.  6d. 

Alternating     Current     Circuit, 

Electric      Wiring,      Fittings, 

Switches,  and  Lamps,  6s. 

Details  Forms,  2s.  6d.  net. 

—  Electric  Wiring  Tables,  y.  6d. 
Measurements,    Electrical,    Crapper, 

— = Houston,  55.  [2s.  6d, 

Mechanical  Tables,  Foden,  is.  6d. 

Refrigeration,  Williams,  los.  6d. 

Mechanical  Engineer's  Pocket- Book, 

s* 

Medical  Terms,  lloblyn,  los.  6d. 
Merrill's    Electric    Lighting     Speci- 
fications, Js.  6d. 

Tables     for      Street      Railway 

Engineers,  5^- 

Metal  Turning,  Homer,  4-r. 

Work,  Leland,  5*. 

Miller,  y.  6d. 

Metric  System,  Wagstaff,  is.  6d. 

Measures,  Born,  3^. 

Middleton's  Surveying,  $s. 

Mill  Work,  Sutcliffe,  21  s.  [15*. 

Miller's  American  Telephone  Practice, 

-  Metal  Work,  3J-.  6d. 
Millinery,  Ortner,  2s.  6d. 
Mine,  Coal,  Boyd,  Js.  6d. 
Mineralogy,  Hatch,  2s.  6d.    [los.  6d. 
Model    Engine    Making,  Alexander, 
Modern  Safety  Bicycle,  Garratt,  3^. 


RETURN  TO  the  circulation  desk  of  any 
University  of  California  Library 

or  to  the 

NORTHERN  REGIONAL  LIBRARY  FACILITY 
MU        Bldg.  400,  Richmond  Field  Station 

University  of  California 
N*        Richmond,  CA  94804-4698 


°pi        ALL  BOOKS  MAY  BE  RECALLED  AFTER  7  DAYS 
opt       •   2-month  loans  may  be  renewed  by  calling 
(510)642-6753 

•  1-year  loans  may  be  recharged  by  bringing 
books  to  NRLF 

•  Renewals  and  recharges  may  be  made  4 

Prior  to  due 


DUE  AS  STAMPED  BELOW 

j  AN  05  2000 


JAM  1  fl  20Q6 


12,000(11/95) 


V    M    / 


S\UfcYnetz's  Alternate  Current  Phe- 
nomena, 2O5. 

Electrical  Engineering,  125.  6d. 

Stevenson's  Trees  of  Commerce, 
31.  6d. 

Still's  Alternating  Currents,  55. 

Storage  Battery,  Tread  well,  7-r.  6d.  net. 

Street  Railroad,  Pratt  and  Alden,  lew. 

Stresses  and  Strains,  Farrow,  $s.  net. 

Structural  Iron  and  Steel,  Twelve- 
trees,  6s.  net. 

Structures,  Martin,  45. 

Stubbs'  Telephony,  155. 

Surveying,  Middleton,  5^. 

Walmisley,  75.  6</.    [\\uik,  2ls. 

SutclifTe's  Steam  Power  and  Mill 
—  Sanitary  Fittings,  55. 

Switches,  Electric,  Maycock,  65. 

Tables,  Electric    Wiring,    Maycock, 

35.  6d. 

Mathematical,  Hutton,  125. 

Mechanical,  Foden,'  15.  6d. 

Taylor's     Optics     of     Photography, 
Technological  Dictionaries.     [35.  f 
Telegraphy,  Herbert,  35.  6d. 

Hous'ton,  55. 

Wireless,  Bottone,  • 

Telephone  System  of  the 

Office,  Herbert, 

Handbook,  Po 

Lines,  Owe 

Praclic 

\Vorl 

Telepho 
Thorn 


Transformers,  Kapp,  6^. 

Still,  55.  [net. 

Treadwell's  Storage  Battery,  75.  6d. 
Trigonometry,  Adams,  2s.  6d.  net. 
Tubes  and  Pipes,  Bjorling,  35.  6d. 

Vacuum,  Salomons,  2s. 

Turbines    and     Hydraulic     Motors, 

Bodmer,  155. 

Turning  Lathes,  Homer,  215. 
Metal,  Homer,  45. 


Twelve 
Steel 


27639 


Vacuui: 
Verbal  A 

Engineers,  Sothern,  45.  6rf.  net. 
Volumetric  Analysis,  Coppock,  2s. 


Wagstaffs  Metric  System,  is.  6J, 
Walker's  Electricity  in  Home.*,  6:-. 

Electric    Lighting    for    Marine 

Engineers,  51. 
Wallis's  Dynamo,  15.1. 
Wallis-Tayler's  Bearings  and  Lubri- 
cations, 35.  6c/. 
—  Sugar  Machinery,  5_y. 
Walmis'         Field  Work  and  Inblru- 
'ict.  [6j.net. 

irveying  and  Levelling, 
Sothern's  Questions  and 
ur  Marine  Engineers, 

:clmical  Dictionary,  4 
lish,  German,  French, 
.  net. 

.ctical  Forestry,  3^.  6d. 
.  :tion,  its  Reduction,  etc. 
Mechanical    Engineer's 
k,  5-r.  (Book. 

.1     Engineer's     Pocket 
.amo  Machinery,  155. 
-iechanical    Refrigeration, 

,ss  Telegraphy,  Bottone,  3^. 
*ng,  Electric,  Maycock,  6s. 

Details  Forms,  2s.  6d.  net. 

Tables,  Maycock,  33.  6d. 


Wood  Carving,  Leland, 
Wood's  Discount  Tables,  is. 

—  Light,  25.  6d. 
Woodwork,  Barter,  6s. 

Drawing,  35.  6d. 

Joints,  Adams,  is. 

Woven  Design,  Beaumont,  2is. 
Wyatt's     Differential    and    Integral 
Calculus,  35.  6d. 

X  Rays,  Bottone,  35. 

Yeaman's  Electricity  Supply,  los.  6d. 


FULL  CATALOGUE  of  Books  for  Civil,  Electrical  and 
Mechanical  Engineers,  Post  Free, 

WHITTAKER  &.  CO. 
'  WMITK  HART  STRKKT.   1J ATKRNOSTK.R   SOTJARK.  LdNnnN.  E.G. 


